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KtUTABY  CURRICimi  MA!IEKI^ 

•  Ui^  ndlitary-^developed  curriculiia  materials  in  this  course 
padcage  Adere  selected  by  the  National  Center  for^Research  in 
.Vocational^  Education  Military  Curriculum  Project  for  dissent- 
Ixiatio:!  to  the  six  regional  Curriculum  Coordination  Centers  ai^ 
other  instrjacticml  materials  Agencies.   The  pupose  of 
disseminating  tli^e  /xxirses  was  to  ma^e  curriculum  materials 
develjaped  by  tba  military  mote^apoessible  to  vocational  . 
ediicators*  in  tlie  civilian  setting.^  ^ 

nie  course  materials  were  aoquifed,  ^evaluated  by  project 
staff  and  practitioiers  in  the  field,  and  prepared  foi: 
dissemination.  Mati^rials  ^Aiidi  were  specific  to  the  nilitary  * 
vger^  delet^ed, •copyrighted  materials/wers  either  emitted  or  a^ro- 
val  for  their  use  "was  obtained.   These,  course  pacKages  dbntain 
>  curriculiia  resource  'materials  vM,ch  can  be  adapted  to  sdpport 
vocational  instruction  and  curticulisn  development.  . 
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the  National*  Center  rfor  Hesedrch  In  ^ 
Vocatkmat  Education's  misston  is  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  lOrganizatioAs  to  solve  educational  prob- 
'lems  relating  td  individual  cancer  planning,  ^ 
preparation,  and  progression.  The  National 
Center^lfiiis  its  mis«on  by:  * 

•  Generating  k|2^ledge  through  research 

a  Oevebptng  educational  programs  and 
products  *  .  ' 

I    •  /  ' 

•  Evaluating  individual  program  n^t^ 
and  outcomes  « 

•  Installing  educational  programs  and  • 
products 

•  Operating  in  formation  s/rtems  and 
services 

•  Conciucting  leadership  developrnent  and 
training  programs 
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1960  Kenny  Road.  Columbui,  Ohio  41210 
Telephone:  914/4^6-3665  or  Toll  Free  800/ 
848-4815  within  the  continental  U.S.  ^ 
{except  Ohio) 
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an  activity  to  increase  the  accessibility  of 
^military-developed  curriculum  materials  to 
'  vocational  and  technical  educators,  i 

This  pioject,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identificatioii  and  ' 
acquisition  of  curnculum  ijiaterials  in  pNnt 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy.    ^  - 

Access  to  military  curriculum  (jjaxeriais  is 
provided  through  a  "Joint  Memorandum  of 
Understanding'*' between  the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquirrd  materials  are  reviewed  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  vocational  and  tech- 
nical education  are  selected  for  dissemination. 

The  National  Center  for  Research  in- 
Vocational  Education  is  the  U.S.  Office  of 
4^ucation's  'designated  representative  to 
^  dcquire  ti.e  material^and  conduct  the  py:oiect 
activities. 

Project  Staff:  ' 

'   Wesley  E.  Budke.  Ph.D^  Director 
National  Center  Clearinghouse 

Shirley  A.  Chase/Ph.D. 

Prbject  Director  {  '  .  , 


One  hundred  twenty  cqursei^bnV.icrofiche 
(thirteen  \\\  paper  form)  and  descriptions  of' 
each  have  been  provided  to  the  vocational 
Curriculum  CoordinatiorV^nters  and  other 
in^tri  ctional  materials  agencies  for  dil^semi- 
nation.         '       ^  '  ' 

Course  materials  include  programmed 
instruction,  curriculum  outlines,Jnaructor 
guides,  student  workbooks  a( id  technical  . 
manual's.  ^  ^ 

TheJzO  courses  represent  the  following 
sixteen  vocational  subject  areas: 


Agriculture 
Aviation 
Building  & 

Con..trfiction 

Trades 
Clei'ical 

Otcupations 
Corrfmunications 
Oitifting 
EI||tronics 
Engme  Mechanics 


Food  Service 
Health 

Heating  &  Air 
Conditioning 
Machine  Shop 
Management  & 
Supervision 
MeteoroJogy  & 
Navigafhjn  ^ 
Photography 
Public  Service 


The  number  of  courses  and  the  sGbject  areas 
represented  will  ^xpand  as  additional  mate- 
rials with  application  to  vocational  ^nd 
technical  educatic^  are  identified  and  St.)ected 
foi  dissemination.  \ 


Contact  the  Curriculum  Coordination  Center* 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability,  and  cost).  They 
will  respond  to  youl-  request  directlyor  refer 
you  to  an  instructional  tnaterials  agency 
closer  to  you;  •  \ 
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Course  Description 


Block  1 


B^ck  II 


V 


A  ^ 

>«Ke  instructional  design  for  this  ^ourse  is  self-paced  and/or  small  group  paced.  Thif. 
course  trains  personnel  to  perforin  duties  as  an  Aircraft  Envir.onmental  Systems  Mechanic^  . 
"Jt  Includes  oi^ganizational  and  field  maintenance  of  aircraft  pressurization, .?ir  conditioning, 
^  and.  air  starter  systems,  and  life  raft' inflation  equipment • 

-  Fun^amen^-als  contains  24  lesson^  requiring  l/S'-hours  of  instruction.  ^* 
'-Thes6  areji^ -Safety;  Aircraft  faAiliariz^ticm;  physics;  e},ectron  theory; 

magnetism;  DC  generStion  and  basic  circuit  symbols  and  terms;  wiring 
diagram  fundamentals^  control  and  prpt^ctive  devJLces;  multimeter;  Kirchoff's 
current  law;  Klrchoff's  voltage  law;  Ohm's  law;  'series  circuits;  parallel 
circuits;  series-parallel  circuits; .switching  circuits;  DC  motors  and 
control  circuit;  temperature  control  .c:^rcuits;  alternating  current', 
capacitance.;  irductance;  AC  motots  and*  control  circuits;  solid  state* 
dfevic^s;,  magnetic  amplif^^er^'  and  trainer  aircraft  air  conditioning  system. 

^    Afr  Conditioning  Systems  consists  of  p  lessons  convering  L24  hours  of 
"instruction.    Tti^se  are:  fighter  cabin  air  conditioning  oystem;  rain 
removal  system;  equipment  ai^  conditioning  system;  temperature' control 
system  tester;  bombej^  air  conditioning' system; 'decade  resistor  functions  and 
windshield  ampli^fier  tench  ^heck;  cargo  bleed  ^ir  and  anti-icing  system;  ,  ^ 
and  cargo  air  conditioning  system.  .  •       ^  ^ ' 

-  Aircraft  Environmental  Systeitis.  Units  potitains  13  lessons  covejing  102        '  ^ 
hours  of  ins-true t ion.    These -are  the  following:  tools,  hardware,  ^safetyinR  , 
devices,  and  Vire  ifepair;  maintenance  ^f  moisture,  separators;  maintenance-* 

e  *  of  bleed  air  distribution  ducting;  air>turbine  motor    maintenance;  turbine 

refrigeration  devices;  advanced  fighter/bomber  «iir  srfurce  control  system; 
advanced  fighter/bomber  air  conditioning  ^stem;  advanced  fighter/bomber  . 
windshield  clearing  system;  maintenance  of  air  control  units;  anti-G 
^uit  system;  canopy  seal  system]  pressurj.zati6n  systems;  and  cabin  v^essure 
leakage  ch^dfc^  ,  •  .  ; 

*  /  -4  < 

Block  IV       -    Utility  Systems  and  Flight  Line  Maintenance  consists  of  S  lessonfe  requiring 
L14,5  hours  of  instruction.    These"^^ lessons  are  entitle^:- gaseous  O2  systems; 
•  J^uidU52  systems;  liquid  refrigeration  systems  and  (fomponehts;  inspec^tion 
maiilfeHance  of  O2  systems  (-liquid);  cryotainir  systems  maintenance*;  li^eraft 
.    inflation 'equipment,  fire  extinguisher  ^yste^R  maintenance ;  flight  line 
maintenance  r-  inspections;  and  flight  line  maintenance;  removal  and";^ 


Block  III 


replacement  of  system  components 


instructor  materials 
training  methods, 
student  material 
bibliography  and 


This  course  contains  both  teacher  and  student  materials.  Printed 
include  plans  of  instruction  detailing  training  equipmentv needed, 
multiple  instructor  requirements* and vinstructional  guidance.  The 
includes  workbook',  and  programmed  texts  with  review  exercises.  A 
glossary  of  terms  have  been  provided^  to  aid  both  the  instruc||^r  and  the  student  •  . 
In  Blocks  I  and  III,  lessons  on  Orientation,  Security,  Progressicm  in  Career  Firfcld, 
Maintenance  Management,  and  the  Technical  Order    Publications  Systems  have  been 
deleted  because  of  military* specif ic  materials.  v  * 
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CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
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Chanute  Air  Force  Ba^e,  Illinois 


DESIGNED  FOR  ATC  "COURSE'  USE 
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C 


^  10 


FOREWORD 


programmed  text  was  prepared  for  use  in  the  3ABR^2331 
ir.struutional  system^    The  materials  contained  herein  have  been 
validated  using  students  enrolled  In  the  3ABR42331  course.  Ninety 
porcoht  of  the  students  taking  this  text  have  either  achieved  or 
surpassed . the  criteria  called  for  in  the  lesson  objective.  The 
awragt*  student  required  1.5  hours  to  complete  !:hls  text.  . 

(  ..... 

OBJECTIVES  •• 

•  •  » 

^      To  help  you  understand  the  operation  of\(he  components  and  the 
necessity  o^  the  oxygen  system,  this  programmed  text  covers  the -physio- 
logical effects  of  an  oxygen  deficiency.    In  addition,  safety  In 
handling  oxygen  equipment  ^is  also  covered.    You  Vill  be  required  to. 
accomplish  the  following  objectives. 

1.      Select 'without  error,  safety  precautions  pertaining  to  the  * 
use  and  handling  of  gaseous  oxygen.  • 


^KSTRUCTIONS 

this  f>rogrammed  text  presents  material  in  small  steps  called 
"frames."    After  each  frame  you  will  find  a  number  of  statements 
and  you  aire  asked  to  select  the  statement/s  that  are  true.    Read  the 
material  in  each  frame  before  making  a  selection.    The  answers  to  each 
fr«nie  can  b^  foun^  at  the  top^of  the  next  page.    If  you  select  the 
correct  ax^wers,  coti'tinue  to  the  next,  .frame.    If  you  are  wrong  or 
in  doubt»  read  the  material  again  arid  correct  yourself  before 
continuing.^ 


V 


Supersedes  iABR42331-PT-401,  25  August  1977, 
'OPR.-    3370  TCHTG 
.  DISfTRIBUTION:  X 
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-y  —  . 


/  *  Frame  1 


As  the  earth  tum^  on  lus  axis  and  goes  in  a  path  around  the  sun. 
It  18  forever  acconiMaie*!  by  a  gaseous  sea  of  air  called  "atmosphere." 
^.r^^^/i  the  bqtTtOB  of  this  sea.^   Raise  him  a  few  miles  from  the 
botto«  «nd  he  suf/ers  from  Internal  pressures,  becomes  unconscious 
cr  dies.    Man  caii  live  many  days  with  no  food,  a  few  days  with  no 
water,  bu   only  a  few. minutes  with  no  air.    The  atmosphere,  a  mixture 
^JTl"*  "E/^  21%  oxygen,  78Z  nitrbgen,  and  lZ  other  gases. 

The.perr.ea|:age  of  this  composition  of  air  docs  not  change  with  altl- 
ii;J!'"^!f  r*^*  decreases  fast  ,with  altitude.    The  air 

gets    ^hln    btcause  less  pressure  is  appj led  as  altitude 'increases. 


Canopy  oi  Atmosphere. 

Chec-c  the  following  statement /s  that  are  tru£. 

_1.     Without  air,  a  man  can  live  only  a  few  minutes. 

_2.     Twenty-one  percent  of  the  atmosf  oxygen. 

_3.     As  altitude  Increases,  pressure  increases. 

.4.     The  same  composition  of  air  ija  present  at  any  altitude. 

J.     Air  gets  thin  at  higher  altitudes  because  less  pressure 
is  appllf '  to  it. 


3^ 


7    I.       ✓  2. 


3. 


/  A. 


Answers  to  Frame  1: 

Frame /i  . 

Since  man  can  not  live  in  the  "thin". air  ^t  high  altitude,  the 
aircraft  cabin  is  pressurized  .to  as  near  sea  level  as  it  can  be. 
This  lets  man  go  a  little  higher  but  not  high  enough.    Changes  in 
pressure  haVe  an  Important  effect  on  hymans,  and  at  higher  altitudes 
a  loss  of  pressure  can  cause  the  Abends."    Oxygen  equipment  must  be 
used  to  stop  this  from  happening.    Also- think  of  what  would"  happen  - 
if  pressuxization  was  loftt.    We  know  that  oxygen  is  required  at 
higher  altitudes  in  ord6r  to  live.    The  typa  of  oxygen  aviators  need 
must  be  free  of  .the  oth^r  elemSits  found  in f he  air  we  breathe  on 
earth,  such  as  dust,  moisture,  etc. 


^^RI^MnS"  poin^rom  too  great  c  pressure 
DEIllli#4#     decrease- nitrogen  bubbles  form 

in  your  blood  and  body  fluids 


A  BOTTLE  OF  SODA,  A  DEEP-SEA  DIVER  AND  YOU! 


BOTTLE  IS  CAPPED 
UNDER  PRESSURE 


I 


IF  Diva  IS  BROUGHT 
UP  TOO  OUICKIY- 


FLYER  ASCENDS  TO 
VERY  HIGH  ALTITUDE. 


CARBON  DIOXIDE  FORMS  NITROGEN  BUBBLES  FORM  •  DECEASED  reKSURE  TO^^ 
BUBBLES  WHEN  UNCAPPED       WITH  SUDDEN  PRESSURE  DROP     BUBBLES -YOU  HAVE  "BENDS" 


Complete  the  following  statements  by  filling  in  the  proper  word. 

1.     At  high  altitudes  a  sudden  drop  in  cabin  pressure  can 
cause   • 


2. 
3. 


If  cabin  pressurization  was  lost- at  high  altitudes  the  fligjit 
crew  would  need  to  survive. 


Teiiq>erature  and 
flight. 


constantly^  change  during 


AiiMars  to  Frase  2*    !•    bends     2«    oxyyn     3«  pressure 

Sim 

Frame  3 

r 

Oxygen  is  one  of  the  most  abundant  stibstancesP  In^he  world.  As 
previously  stated,  21Z  of  the  air  ve  breathe  is  oxygen.    In  Its'^free 
state,  oxyisen  is  a  gas  with  no  odor,  color,  or  taste  'but>  Is  very  active 
chemically  and  %d.ll  combine  with  nearly  all  other  elements.  Atoms^of 
free  osQfgen  usually  combine  In/tvos  to  form  molecules,  with  the  chemical 
symbol  0^.    Oxygen  is  not  combwtlble  but  will  readily >support  combustion. 

Gaseous  oxygen  can  be  changed  to  a  liquid  by  a  process  of  compression 
and  esqiansion.  ^ 

Check  the  following  stateuient/s  that  are  true.         ^  ^ 


_1*     Twenty^one  percent  of  the  atmosphere  is  oxygen. 

The  chemical  syo^fL  for  ^gaseous  oxy  gent  molecule  is 
_3.  ,  One  oxygen  atom  usually  makes  an  oi^gen  molecule.  ^ 

Oi^gen  is  a  gas  that  is  odorless,  colorless,  and  tasteless. 
_5.  .  Oxygen  will  not  support  combustion.  | 
^6.     Gaseous  oxygen  can  be  turned  into  a  liquid.  \ 


'V 


V  1.       /  2. 


3. 


/  4. 


•5.^     /  6. 


Answers  to  Frame  3: 
Frame  4 

When  too  jauch  of  a  loss  of  oxygen  occurs  in  the. human  body  ahd 
the  body  tissue  Is  permanently  damaged,  a  person  Is  said  to  be  suffering 
from  anoxia.    Anoxia  Is  the  absence  of  wgen  In  the  right  quantity. 
•This  cord it ion  could  be  caused  by  an  oxygen  system  that  f diled -or 
some  other  gas  that  took  the  place  of  .the  oxygen  In  a  closed  In  area. 
With  no  oxygen,  the  human  body  stops  its  wdrk  in  a  few  seconds.  As 
an  envlronmenul  systems  mechanic  it  will  be  your  Job  to  make  sure 
that  the  oxygen  system  Is  doing  its  job  right.    See  the  sketch  for 
thesbasic  rules,  in  using  oxygen..' 
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Refer  to  the  illustration  above  to  complete  the  following  statements. 
1. 


Without  oxygen,  unconsclotisness  and  death  will  occur  at 
feet. 


2.  Without  oxygen,  day  time  efficiency  Is  not  affected  but 
night  vision  Is  subnormal  at  feet. 

3.  A  pressure-demand  oxygen  iystem  is  needed  to  operate  at  full 
efficiency  at   feet. 
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Aaavers  to  Frame  4:    1.    251000  feet     2^  10,000  feet     3/  42.000  feet 

Frame  5 


Ue  determined  that  anoxia  ^as  permanent  damage  as  a 'result  of 
Inadequate  qxygenatlon  of  the  blood.    Hypoxia  Is  not  enough  oxygen 
In  the  ^lood  stream.    To  work  normally »  the  body  needs  a  veil  balanced 
supply  of  oxygen  all  of  the  time.    Hypoxia  has  various  effects  on  the 
human  bcd^^at  different  altitudes  (see  chart).    Hypoxia  is  dangerous  ' 
because  It  creeps  up  on  a  person  vlthout  his  knowing  It.    If  a  pilot 
does  not  know  the  signs  ^f  hypoxia,  he  will  either  crash  the  aircraft 
or  die  from  being  starved  for  oxygen. 


symptoms  of  HYPOXIA! 
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 _  L 

Check  the  following  statement/s  that  are^rue. 
J..     Hypoxia  is  a  deficiency  of  oxygen  in  the  blood. 


1.     The  symptoms  of  hypoxia  cannot  be  recognized. 

^3.     At  35  to  4O9OOO  feet»  unconsciousness  occurs  with  little 
or  no  warning.      |  h 

Jk.     The  body  rei^uires  a  balanced  supply  of  oxygen. 


V 
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•Answers  tc  Frame  5':    ,  /   1.   ^2.    _jLJ'  .-LJ*' 


Frame  6 


*ith  anoxia  and  hvpoxia  w3  found  the  .body  to  be  wit"h  no 
or  aleficWy  in  oxygen.    Going  in  the  opposite  direction,  ve  find 
tLJ  h^a^entilation'^L  breathing  too  ;»uch  which  P"J"<^««  "°>r?^„„ 
^gA^i^  the  body  leading  to  an  abnormal  loss  of  carbon  dioxidV-rom 

blooS.    The  extreme  signs  of  hyperventilation  T1 
«acti^  and  6om?let^  l,ss  o^  body  control  •  A  ^ 
Jtiff  and  he  will  "free.e."    An  example  o.f  ^yP^'^^^^iJff  °" 
a  man  who  is  running  a  foot  race.^  When  he  "f^,^^."^^!:/^^^,!^!*^* 
-be  breathing  deeply  and  hts  body  will  ""^fi^^rJ^i; 
A  pilot  may  expWience  hyperventilation  frcmi  setting'ttxcited  in  an 

eii^rgency  or  Uc^  an  attack  by' enemy  aircraft.    ^^^^^^  P^^^^^,^^?^^. 
hrwili  "freeze"  at  the  controls  and  .crash.    As  a  ipile.  hype^ventila 
t5on  is  not 'serious  and  will  pass  in  a  few  minutes.  , 

Check. the  following  statement/s  tliat  are  true.  , 

 ^1.*   Hyperventilation  is  overbrea thing.  ,  .  . 

2..     Hyperventilatii^n  will  kill  in  seconds  like  anoxia.  • 

__3.      It's  possible  for  a  pilot  to  "fr^ze".  at  the  controls,  from 
hyperventilation.  j  j  ./ 

 ^4.     Normally,  hyperventilation  is  not  serious  and  will'pasa. 

 ^5.*     Hyperventilation  is  the  opposite  of  ainoxii.'^ 
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Aiiflvers  to  Frame  6: 


/  1. 


2. 


/  3.       /  4.       V  s. 


Frane  7 


•  Aviators*  breathing  oxygen  la  made  through  a  process  called  ' 
"distillation t"  where  moisture  and  other  Impurities  are  taken  t^xxt 
of  the  air  as  It  Is  wnrmed  and  cooled*    Moisture  Is  especially  harm- 
ful to  oxygen  systems  because  it  will  freeze  at  32  degrees  P  and  all 
valves  and  regulators  are  then  uaeless. •  Aviators*  oxygen  Is  refined 
until  It  is  99. 5Z  moisture  free.    Do  not  substitute  this  with  any 
other  oxygen.    Oxygen  mad^  for  hospital  use  la  only  98Z  moisture 
free  and  welding  oxygen  is  about  70Z  moisture  free. 


Testing  Oxygen  in  Cylinder  to  Asstii^e  99.5!^  Purity. 
Coiq>lete  the  following  statements  by^ filling  In  th^  proper  word, 
1.     Aviators*,  oxygen  Is  X  moisture  free. 


2.      Moisture  will,  at  32*F, 
coiAponents. 


In  the  oxygen  'system 


3.     Aviators*  oxygen  ^s  produced  through  a  process  called 


^      .         Hospital  oxygen  is  only  %  moisture  free.  * 


2^37  • 

Answers  to  Frame  7:  1.  99.5*^  2.  freeze  3.  distillation  4.  98 
Frame  8  * 

In  the  preceding  frames  we  covered  the  physiological  effects  df 
oxygen  deflcieqpy*    l-et's  review  this  information  now.    Cirtile  the^,*^ 
letter  of  the  Answer  that  is  correct  for  each  of  the  fo}.lowing 
statements.  ,  .  * 

1.     Man  can  live  only  a  few  minutes  with  no 


a.  air. 

b.  food. 

'    c.  water. 

4 

2. ^  The  atmosphere  is  '  ( 

a.  78Z  oxygen.  ^ 

b.  '78Z mother  gases.  ^ 

c.  28Z  o^gen. 

d.  28Z  other  gases. 

3.  At  hig^  altitudes  a  sudden  drop  in  pressui^  can  cause 

a.     anoxia.       *  « 
}}•  hypoxia, 
c.  bends. 

1 

4.  At  10,000. feet  night  irlsion  is  subnormal  without 

a.  nitrogen. 

b.  oxygen. 

^5.     A  deficiency  of  oxygen  In  the  blood  Is  called 

a.  anoxia* 

b.  hypoxlf. 

'  c^     hyperventilation.  ^ 


^  In 


itewers  to  ^raae  8:    1^  2. 


2.    c     3,    c     4.   b     5.  b 


26^ 


Frame  9 


Gkaeous  oxygen  1^  stored  under ^hl^  pressure  In  cylinders  made 
of  steol  with  no  seW.    They  measure  3  1/2  Inches  by  51  inches.  To 
dettermine  the  differ^ce  In  aviators  breathing  oxygen  from  other  gases » 
the  cylinders  are  pai^ited  a  daxk  green  ^olor  with  a' 3  inch  band  of  \ 
lAite  naar  the  valve  end.    To  further  identify  these  cylinders  the 
nords  "AVIATORS  BREATHING  0X7tiEN"  are  stenciled  on  the  cylinder  in 
block  letters.    All  6f  these  methods  of  identification  are  fbr  one 
purpose:-  to  make  sure  that  no  other  gas  is  put  In^ ah  oxygen  system. 


VfH  AND 
MAXIMUM  ritllNG 
PlCSSUiC  AT  70?f 

SCIIAI  NO 
I 

OUiNOUIiNMAL 
tf ST  DAte 
IHYDiOSTATiq 


NAME  or  GAS 


t-233 


c 


Check  the  foxloying  statement /s /that  are  true. 


1.  To  distinguish  aviators*  oxj^gec  from  other  gases »  the 
cyliLnders  are  painted  green. 

2.  '    Gaseous  oxygen  is  stiored  under  hig^  pressure  4 

^3.     A  3-inch  vhite  band  is  painted  around  the  bottom  of  each 
cylinder . 


11 


(Continued)      ^  » 

The  words  AVIATORS  BREATHING  OXYGEN  Is  stenciled  on  each 
cylinder.  .     ^         ^     ^  ^ 

All  cylinder  Identification  Is  to  make  sure  that  n#  other 
gas  Is  put  In  an  oxygen  system., 

Gaseous  oxygeu  cylinders  are  ma^e  or  seamless  steel. 


12 
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AxkmmXM  to  Fran^  9s       /  1>       /  2;     -      J/      /  4>       ✓  5>  '    /  6> 

^    '         -  .  Frame  IflL 

^8^d  before »  th%  gaseoua  oxygen  cylinder  Is  made  of  «teel  with 
#^no  seaae.    The  control' valve  on  the  cylinder  la  hand  iidieel  dperated 
and  the.  outlets  are  set  at  90  degree  angles  to  the  cylinders  (see 
bc^ov).    Tlvls  is  to  stojp        rocket  action  of  the  .cylltader  If  the 
valve  should  be  opened  accidentally  or  tf  the.  cuptur^  disc  (safety 
disc)  blovs  out.    The  ruptute ,di^c,  is  a  thin  piece  of  gold  l>lated^ 
Steel  vhlch  will  not  corrode  and  become  veak^TI^e  disc  is  designed 
to  b]|0v  out  if  thermal  expansion  raises  the  cylinder  pressure  above* 
2200  |>si«    The  valve  outlet Hhreads'  are  designed  so  that  other  gas  . 
cylinders  cannot  be  connected  to  oxygen  xecharging  equipiiknt •  The 
type  of  gas  (oxygen)  the  *yalve  was  designed  *  for  is  stanqped  on  che 
side  of  the  valve.    A  metal  cap  is  screwed  on  over  the  valve  during 
handling  or  shipment  to  protect  i(:^(8ee  cap  in  frame         Never  use 
oiy  oi^grease  qa  oxygen  valvea  or  fittings. 


Vrama  10;  (Continued)  ^  . 

•  -  y 

Select 9  by  placing  a  checkmark  In  the  bl^nk»  those  items  Ll.^ 
are  w^fety  factors*  ^ 

1,  To  prevent  rocketing »  the  y^lve  outlets^  are  at  90*  angles 
""""        to  the  cylinder*  •  . 

♦  * 

2.  The  oxygen  valve  contains  a  gold i plated  rupture  dlso. 

 3i  •    Other  gas  cylinders  .can  be  conniected  no  oxygen  recharging 

A    equdpnent .  ^  '  ^ 

.4.     The  -rupture  disc  Is  designed  to  take  care  of  thermal  n 
'.  expansloi^  In  the  cylindpr. 


\ 
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Aasmrs  to  Frdne  10:       /  1^       /  I.  3^  '    /  4, 

.   .  *  ^  Frame  11 

Tlie  la^catate  Coanerce.  CoondLaslon  (ICC^  requires  thftt  all-iilgh 
ftreaaure  cca^essed*  gas  cyliaders  be  given  \  hydrostatic  test  once 
in  every  five  year^ '(qulnquennlally)  •    The  test  pressure '  used  must 

>ba  5/3  tlaes  th#  -;k>rklng  pressure  of  the  cylinder.   Huloum  service 
pressure  for  oxygen  storage  cylinders  is  2015  psl;  the^refore  the 
cylindera  are  subjected  to  a  total  ptesjH^re  of  3400  pal.    This  test  ' 
is  aadevup  of  water  being  forced  uniler  hlg^  pressure  in  the  cylinders 
to.jitretch  it  slightly.'  The  cylinder  being  tested*  is  put  in  vater  And, 
the  imter  displaced  by  the  expansion  is  narked.    When-  the ^{iresaure  is 
lUt  out  the  water  level  should  go  back  to  the  starting  point.  \\l  it 

'  does  iiot,  the  cylinder^  has  stretched  pemanently  and  must  b^  rejected. 
The  test  date  is  istamped  on  the  neck  of  the  cylinder  ^ (see  frame  9).  . 
,  *  *  » 

Check  the  following  statement/s  that are  true.  * 

■  '"^^ 

^....^  1.     A  hydrostatic  test  is  performed  on  all  high  pressure 
coo^ressed  gas  cylinders  <luinquenziially. 

^  *  ,  •        *  ; 

— ^ — 2.     During  the  hydrostatic  teet  the  water  level  of  the  water 

V  taxik  should  go  back  to  the  parting  level  when  the  j>ressure 
in  the  gas  cylinder  is  released. 

 3.     The  hydrostatic  test  pressure  ij^ed  in  a^co^ressed  gas 

\  cylinder  ooust  be  5/3  tides  tlie  working  pressure  of  the 

cylinder. 


• 

4 


\ 
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Answers  to  Fraae  11: 
Frame  12 


/  1. 


/    2.       /  n3> 


While  you  are  in  the  Air  Force»  you  will  be  going  to  a  number 
of- safety  briefings  ^  lectures »  and  moviejs  to  point  out  the  hazards 
and  safety  precautions  you  ^ould  take  while  working  on  the  flight 
line.    The  Air  Force  spends  a  lot  of  man**hours  each  month  to  make^ 
yoo  "think"  safety.    In  your  Job,  you  will  be  vorklng  with  oxygen 
which  requires  that  you  use  safety  each  and  every  day.  on  all  Jobs. 
In  the  following  frames  safety  precautions  peculiar  to  s^seous  oxygen 
will  be. covered.    You  will  be  requiied  to  know  these  safety  precau- 
tiuQS  so  you  can  select  ,them  from  a  list  of  safety  precautions 
without  any  error.    Tou  must  be  able  to  apply*  them  without  looking 
tlfem  up.  '  ^. 


\tknU  »KCAtTIOlil 

NO  RESPONSE  REQUISED 


■it 
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Frame  13 

Om  of  the  flK)8t  Important  safety  rule^  that  you  should, know  ebout 
oxygen  Is  thact  it  aiakes  dther  Materials  burn  very  fast.    In  othtr    *  ' 
vordSy  it  supports  cood>ustion.    This  characteristic,  in "addition  to 
tne  fact  that  osq^gen  is  handled  under  pressure  in  Excess  iff  2000  psi/ 
gives  Just  cause  for  strict  adherence  to  all  safety  rules.  This 
text  will  go  over  sooe  of  t^e  basic  rules ^  ,      .      .  '  \ 

->  '     * . 

Tpm  area  i4iere  oxygen  cylinders  ar«  stored  should  be  will  venti- 
lated to  prevent  a^rmful  ac^onulation  or  explosive  concentration 

of  %%B. 


B"^'li^^S9S> 
This  is  Not  a  Boaob  Explosion. 

Check  the  following  statement/s  that  are  true.^ 

-^1.     Oxygen  makes  other  materials  bum  rapidly. 

—2.'     High  pressure  gas  of  any  kind  is  a  hazard. 

^3.     Oi^gen  should  not  be  allowed  to  accumulate  in  a  confined 
area. 

.4.     Oxygen  itseflf  doeV  not  burn  but  ^u^ports  combustion. 


Y, 

/ 
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Answers  to  Frane  13: 
Fr«is  U  > 


/  1 


gtorlnp  oxyKen  cylinders,  the^  should  be  protected  from 
extreme  temperatures.    They  -should  at  no  time  be  stored  closer  than 
^HSf  froilu'  materials.    Oxygen  cylinders  sh^    d  o 

hL„  f     ^^^'^  storage.    Explosions  and  fires  have 

b«en  the  result  of  mistaking  oxygen  for  otiter  gases  that  arlus^d 

IZJr    .  "^^  P""^*^*  ^^'^  ^"  etc.    So  remember 

"  teirfS^;'''  '^^^  ^"'"^'^^  may\":f  bl'here 


V 


Check 

.1. 

-2. 
.3. 


the  saf^ 


ty  precautions. 


.4. 


viygen  cylindero  should  be  protected  from  high  temperatures. 
O^gen  «nd  pettrbleum  bas^  products  m^st  not  be  mixed. 
Oxygen  and  other  gases  Aould  be  separated  during  storage. 
Oxygen  should  be  stored  at  least  50  feet  from  flammable 

Oxygen  can  be  mistaken  for  other  gasea. 


ERIC 
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komMiK9  to  Fr«M  14:   1^1.      /  a«      /  3.      /  4,      /  5. 

Fvaite  15 

Oxf§^n  cylinders  should  hm  handled  vlth  care.    If  Che  cylinder 
control  valve  la  accidentally  broken  off ,  the  cylinder  will  becoaa  a 
**tocket.**   Damaged  cylln4er8  are  also  subJecL  to  explosion.    Do  not 
open  the  control  valve  vl^  the  outlet  pointing  at  you  or  anyone  else 
because  tl^  high  pressure  gas  will  cut  jon^ skin  or  destroy  your 
«yeeii||it.    It  la  also  possible  to\  rupture  the  Internal  organs  of  your 
body  If  oxygen  Is  directed  Inta  tl^e  laouth  or  ears.    The  hand  wheel 
on  the  valve  should  be  operated  by\hand  only. 


Check  the  safety  precautlohs. 

* 

1.  All  oxygen  cylinders  should  be  handled  with  care. 

2.  Vhen  openlT^g  the  cylinder  control  valve,  it  should  be  pointed 
away  from  you* 
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✓  1, 


/  2. 


Answers  to  Frame  15 t 
Frame  16 

when  working  near  oxygen »  all  tools »  clothes,  and  equipment  must 
be  kept  free  of  grease  and  oil.    Spontaneous  combustion  may  take  place 
yhen  oil  and  oxygen  mix.    More  dangerous  than  spontaneous  combustion 
is  the  use  of  pxjrgen  near  a  fire  or  equipment  that  will*  make  a  spark. 
Smoking  near  an  oxygen  area  is  a  sure  way  to  get  blown  up.    Do  not 
pmoke  right  after  being  Ln  an  oxygen  arA  or  after  servicing  an 
/aircraft  because  your  clothes  may  have  some  oxygen  trapped  in  them. 
Allow  a  few  minutes  for  your  clothes  to  air  out. 


Check  the  safety  precautions. 

1.      Smoking  In  an  oxygen  area  is  a  dangerous  practice. 

7.^     When  working  around  oxygen,  clothes,  tools,  and  equipment 
slust  be  free  of  oil  and  grease. 


20 


Aammn  to  ttmt  16:      ^  1>      /  2. 

Fraoe  i7 

Ie4it*s  rovlev  sooie  of  the  safety  precautions  that  vere  covered  In 
the  past  three  frames.    If  you  did  not  ansvei^  this  frame  correctly 
go  back  and  reread  the  past  three  fraipes.    In  safety  there  Is  no 
rooa  for  error. 

Check  the  gaseous  oxygen  safety  precautions. 

!•     Oi^gen  cylinders  should  be  handled  with  care* 

 2.     Hsar  tl    correct  protective  clothing  (face  shields  neoprene 

gloves^  vhen  hffidllng  the  oxygen 

cylinders. 

 3.  ^  Oxygnn  cylinders  should  be  protected  against  hlgji  temperatures. 

 ^4.     Oo  not  smoke  i^ere  oxygen  Is  being  used. 

^  5.     Select  the  proper  topi  for^the  Job. 

6.     Do  not  mix  oxygen  with  petroleum  base  products. 

  \  ^   '  ' 

\    7.     Oxyt/tn  should  be  stored  at  least  50  feet  from  flammable 

materials . 


8.     The  control  valve  of  an  oxygen  cylinder  should  be  pointed 
away  tx<m  you  i^en  It  Is  opened. 

_9.     Proper  ear  protection  must  be  \fom  when  servicing  the  alrcfaft 
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Answara  to  Frane  17: 
Fraae  I*'  ' 


/  1. 


2. 


/   7.      /  8. 


9. 


/.  4. 


5. 


Alrrrfjf  ''^^  ?°  aircraft  with  oxygen,  it  ahoidd  be  "grounded. 

Mrcraf^  build  up  static  electricity  during  flight  and  could  cause  a 
spark  when  touched  with  the  oxygen  equipaeSt.    fproper  gwunS  iJre 
HUl  ellainate  this.    No  power  should  be  on  the  aircLft  duSng  * 
-  servicing  and  the  external  power  unit  should  be  moved  oatT  of  the 


•  -Check  the  oxygen  safety  precautions. 

A 

— ^1.     The  aircraft  should  be  grounded  before  it  Is  serviced  with' 
ojQTgen. 

— 2.     Wien  servicing  the  aixcraf  t  wlth  gaseous  oxygen,  wear 
.    protective  clothing. 

__3.     No  power  should  be  on  the  aircraft  during  servicing. 


kcmmxM  to  It  mm  18: 


1. 


2. 


/  a. 


%  Frame  19 

As  prtvlouily  stated »  oxygen  Is  stored  lA  cylinders  upder  high' 
pressiire«    Host  teseous  t>xygen  systems  are  low  pressure  Systems 
(450  PSI)f    In  tKts  case»  a  pressure  reducer  will  have  to  be  used 
(see  lUustratlon)  •    This  will  prevent  the  hi^  pressure  from 
exploding  the  aircraft  cylinders.    The  pressure  reducer  is  part  of 
the  lew  pressure  servicing  cart  and  should  always  be  used. 


IRESSURE 

SEDUCER 

HANDLE 


LINE  CYLINDER 
FIESSUSE  PRESSURE 


r 


Check  the  oxygen  safety  precautions. 


JL.     A  pressure  reducer  is  required  when  servicl|ig  &  low  pressure 
oxygen  system. 


1.     Low  pressure  gaseous  oxygen  pressure  is  650  psi. 


23 
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rrs  to  FrsM'lS:       /   I.   2. 
20  " 

Oxygen  Is  a  hanlMi  gfi8  if  handled  correctly.    Do  not  tak£  any 
short  cuts  that  elliiliia^e  a  safety  rule  just  to  get  the  job  doM.  You 
should^  respect  a  dangerous  iten  because  you  recognize  its  ability  to 
destroy »  and  not  just  becavse  somebody  said  it  was  dangerx>u8.  RemeBber, 
vitb  osqfgen  the  safe  way  is  the  best  wy. 

Hov  check  your  under3tattdd:iag  of  the  safety  precautions  invplved 
vith  gastous  oxygen.    K^neniber  if  you  ais^  cny  of  these  iteias  you 
.^ould  go  back  to  frane  13 »  restudy  each  frame »  then  chrck  yourself 
again.    In  safety  there  la  no  room  for  error. 

Check  the  oxygen  safety  precautions. 

1^     Do  not  smoke  lAere  oxygen  is  being  used* 

 1.     Oi^gen  cylinders  should  be  protected' against  high  tei>eratiffe. 

 ^3.     Oaqrgen  Cylinders  should  be  handled  with  care* 

^  k.     Trichloroethylrine  should  be  used  outdoors  or  in  a  veil 

ventilated  building* 

 ^5.     Coobustible  trash  must  be  placed  in  closed  Mtal  containers. 

 ^6.     Do  not  nix  oxygen  vi^  petroleum  base  p  oducts* 

7.     The  safe  distance  behind  an  operating  jet  engine  is  200  feet* 

 ^8.  ^  axygen  cylindets  should  be  stored  at  leastf  50  feet  from  . 

flammable  materials* 


9*     The  aircraft  should  be  grounded  before  it  is  serviced  with 
oxygen* 


g^otmc 


10.     The  control  valve  of  an  ^xxygen  cylinder  sRould  alirays  be 
«       ,    •         pointed  away  from  you  nhen  it  is  opened* 

 ^11.     Ear  protectors  diould  be  vom  Whenever  the  aircraft  is 

serviced  with  gaseous  oxygen* 

 ^12*     No  power  shoul4  be  on  the  aircraft  while  servicing  with 

gsseous  oxygsn.  ^ 

 13*     Protective  clothing  (face  shield,  rubber  a|^ron/^on-*absotbent 

gloves)  must  be  .worn  i^n  servicing  the  aircraft  vitii  gaseous 
oxygsn* 

14*     A  pressure /reducer  must  be  used  \^ma  servicing  a  low  pressure 
oxygep  SQfstem* 

$  ,  15*     The  safe  distance  in  front  of  an  operating  jet  engine  intake 

^     ^|N|«,25  feet*  24 
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FOREWORD 


Thlt  proi^raaMd  t«xt  was  prepared  for  use  In  the  3ABR42231  Instructional 
System/ J%e  material  contained  herein  has  been  validated  using  36 
42010  students  earoUed  In  the  3ABR42231  course.    Ninety  percent  of 
tb«^  students  taking  thls^text  surpassed  the  criteria  called  for  In  the 
approved  lesson  objCiCtlve.    The  average  student  required  45  minutes 
to  complete  the  text. 

OBJECTIVES 

After  completing         programmed  text,  you  will  be  able  To: 

1.  Explain  the  principles  of  operation  of  low-pressure  oxygen 
^systems. 

2.  Describe  pressutt  and  flow  Indicators  used  in  low-pressure 
oxygen  systems. 

3.  Explain  the  principles  of  operation  of  high-pressure  orygen 
systems. 

4«     Describe  pressure  and  flow  indicators  used^in  hi^-pressure 
^oxygen  systems. 

INSTRUCTIONS 

This  prograsned  text  presents  material  in  small  steps  called  "frcunes." 
After  each  step  you  are  asked  to  select  the  correct  statement  or  match 
some  statements.    Read  the  material  presented  and  make  your  response  as 
directed  in  the  frame.    The  correct  answer  to  each  frame  can  ^  found 
on  the  top  of  the  next  ;^age.    If  your  answer  is  correct  proceed  to  the 
next  frame;  if  you  are  wrong  or  in  doubu,  read  the  material  again  and 
corrAt  yqi^self  before  continuing. 


 t 

Supersedes  3ABR42211-PT-40U,  18  Septeiaber  1972. 
OPR:  TAS 
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'       *  ^      '  '  FratnB  1 

Mciiy  typA  of  oxygftn  systeoB  are  used  on  aircraft.    A  systim 
cooalata  of  tvo  aactlona:    tha  supply  or  storag^  sac;t£oii  with  Its 
connactlns  pluabtngt  «id  the  distribution  sactioti  which  Includes 
the  regulators.  *Iha  type  of  system  upad  in  a  given  aiifcraft  Is 
datarsLned  by  the  type  of •  regulator  that  is  used.    Oxygen  rftgulators 
^«  grouped  into  three  types:    densiid^  pressure  densnd,  and  continuous 
floir.    Any  of  the  three  typjis  of  regidators  can^be  used  with  >my  type 
of  supply  system.    The  types  of  sttpply  systeas  ate  low  and  high  ^tea-  ^ 
sure  gaseoua  oxygen,  ^d  low  fand  hig^  pressura  liquid  oxygen.   ^  . 


Check  tha  following  stataMat/a  that  are  true . 


^1.     The  type  of  oxj^gen  system  3j  determined  by  the  regulator 
used. 

f 

Jl.     tiof  of  the  three  types  of  regulators  can  be  used  with  any 
of  the  •upply  systems.       #  ^ 

 ^3.     Normslly  there  are  five  aactions  in  an  oxygen  system. 

4.     The  three  types  of  regulators  are  demand,  pressure  demand, 
and  Continuous  flow. 


.  y  ^   

*  ♦ 

XMwers  to  Praae  1:       /    1.       /   2.   ^3,       /  4> 

F    .jft  2 

The  low  pressure  gaseous  oxygen  system  Is  used  on  the  old  type 
transport  end  cargo  aircraft*    The  cylinders  are  mounted  with  straps 
In  sections  of  the  Mrcraft  where  space  Is  available.    They  carry 
a  maximum  charge' of  450  pal  and  are  considered  to  be  ftill  between 
400  and  450  psl«^  The  pressure  should  not  be  alloved  to  drop  below 
50  psl..  This  Is  to  prevent  contamination  of  the  cylinder  due  to 
mojBstun  that  will  accumulate  in  the  cylinder.    Low  pressure  cylinders 
are  madi  shatterproof  by  welding  metal  bands  to^the  outer  side. 
The  cyunders  are  made  of  stainless  steel  or  a  low  alloy  steel  and 
are  paltfted  yellcw  (o  Identify  them  as  low  pressure.' 


I 


Typical  Low-Pressure  Cylinders  (Painted  Yellow) 
Check  the  following  statement/s  that  are  true« 

1. 


2. 

a 

3. 


5. 


All  low  pressure  cylinders  are  painted  yellow. 

Maximum  service  pressure  for  low  pressure  cylinders  Is  450 
psl. 

At  least  50  psl  should  always  be  left  *ln  the  cy^nders. 

Lw  pressure  cylinders  are  not  shatterproof. 

Low  pressure  cylinders  are  considered  full  at  400  psl. 


\ 
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Aaswers  to  Fn 


2; 


^   1.       /   2.       ✓  3> 


4. 


Frame  3^' 


Lew  pressure  systeiM  ifse  S/U'^lach  elumlnum  tubing.    The  tubing 
used  in  ell  oxygen  sys tens  hes  the  size  nus^ered  In  l/lS^-inch  lucre- 
Hints e    A  nuaiber  5  tubing  ffes  en  Outer  diaaeter  df  5/16*lnch»  a  number 
3  would  be  3/16-inch«  etc.    All  tubing  carrying  oxygen  la  color  coded 
with  green  tepa  to  distinguish  it  from  other  tubing  in  the  aircraft.  ' 
During  aanufacture  the  t^ing^used  is  heat  treeted  for  strength  and 
treated  also  to  prevent  corrosion.   Jwo  kinds  of  connections  are  used 
in  oxygan  ays  teas:    flared  tiAe  connections »  and  pipe  thread  connections. 

The  fittings  used  in  lov  pressure  sys teas  are  made  of  aluminum 
alloy  and  painted  blue  to  identify  the  material.    These  iire  "AN"  standard 
(Aray-Navy)  fittings.    The  pipe  thread  end  of  the  fitting  screws 
into  cylinders  t  regulators »  and  gag^s.    The  cones  eat  end  connects 
the  flared  tubing.  - 


PIPE 
THREAD 


Double  Flared  Connection 


AN  Standard  Fitting  (Painted  Blue) 


Check  the  folloirlng  statenent/s  that  are  true. 

1.  If  you  asked  for  a  piece  of  ranker  5  tubings  you  would  get 
5/16. 

if 

2.  Low  pressure  sys  teas  use  number  5  aluminum  tubing. 

3.  Tho  flared  tubing  is  ^connected  to  the  pipe  thread  fitdng. 

4.  ,  All  tubing  carrying  oxygen  is  color  coded  g^een. 
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Anawan  to  FruM  3:  1.       /'  Z,       ✓   3.       ✓  4. 

rm4 

Tl|(i  tiiblnrTa Jbractd  vl^th  daoipft  •vtti7  15  InchM  apart  and  at 
uch  band  alljUirauajti  tha  aircraft.   Thia  helpa  to  taduca  tubing  vi- 
bration and  axad  halpa  to  pravant  chnflng  of  tha  tiding.    Ozygan  c\d>lng 
ahould  ba  Inaiallad  vldi  at  laaat  a  two-Inch  daaranca  betwaan  alac- 
trlcatl  vrlrlngjor  aiqr  control  c«bUa.    The  tubing  la  bent  vfaen  necaaaary 
to  Inaure  thai  thla  dearauca  la  salntalnad.    Tha  tubing  nay  run  within 
1/2-ladx'of  elactrlcal  wiring  ao  long  aa  nora  Insulation  I9  used  Ou 
the  wirea,  but  thla  la  the  abaolute  ainlnum. 


NO  S  ALUMINUM  TUaiNG 


Check  tha  following  atatemant/a  that^are  true. 

1.     Tubing  ahould  ba  claiaped  every  15  inches  and  at  each  bend. 

j2.     A  two-inch  clearance  ahould  be  maintained  between  ttAlng 
and  electrical  wiraa  and  control  cablea. 

3.     1/2-lnch  la  the  absolute  nlnlaann  clearance  on  oxygen  tubing. 


4  " 
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4t 


/  1. 


Pri 


>ek  ira^raa  «rt  us*^  In  %  /gtn  •ystwM  that  h«v«  noia.tiiian  ooft 
▲  cli«ek  halps  to  pMviant  «  aoaploto  lonn  of  oxygon 

if*  part^f  tho  oyotMW  1p  doaagod.    Chock  valvoo  aay  bo  In  xk^mj  otylos 
to  Mot  tho  Aood  of  ^o  Inotallation.    An  arrcfv  on  tho  ildo  oi  tho 
chod'  Tralm  ohoM  tLa  dlroction  of  froo  floor.    If  cyllndor  In 
^o  iUttttratlon,  rupturod,  tho  oxyg^  In  cyllndor  **B"  would  not  go 
out  throni^  tho  holo  bocauao  of  ehodc  valvo  ninfeor  3.   Chock  vaivoo 
wot  bo  Inotallod  ao  that  all  ^eyllndoro  can  bo  flllod  fron  a  olnglo 
flUoY  vali^Ot  oil  eyllndoro  irlll  food  tho  rog«i^tor»  and  If  ono  cyllndor 
rvqptuFOOi  tho  othor  eyllndoro  vlU  not  drain  out  throu^  It. 


^iiiiiliiiiiiiiti 


4 


4 


uhod 

l\ 


>■>■*<■<••  t......t 


•Hmji  oxVmm  •vstcm 


■intTmiurnaN  tubmo 
Ol^fmtioN  oimxT  - 

Mck:  th«  folloifiiit  statrnMnt/s  that  «m  trjM. 

Th«  arrow      a  eliack  valv»  lndlc»t«a  dlracdon  of  fraa  flow. 
'2.     Chock  valvas  ara  aot  raquirad  If  aoro  than  on«  cyllndor  la 
tiaod. 

J,     Chaek  valvoa  ara  Inatallad  ao  that  aU  cyllndaro  can  ba 
f Iliad  froB  ooa  valva. 
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AoMttts  to  FrMii  S: 
FrcM  6 


/  1. 


2. 


/  3. 


FllJiir  valvM  «r#  us^d         filling  th«  oxygan  system,  Thsy 
um  usually  sotrntad  as&r  th%  outM  surface  of  the  aircraft  In  a  recessed 
vail  and  under  an  access  cover.    Each  filler  v&a.ve  nes  a  dust  plug 
attached  tc  Jie  valve  by  •  chain.    The  plug  csn  be  removed  by  turning 
the  handle.    Whan  the  dust  plug  Is  removed,' a  .recharge  adapter  on  the 
servicing  bote  is  put  in  die  fll^^r  valve  to  fill  the  system.  ^  The 
filler  valva  la  hothlng  more  thma  a  spring  loaded  check  valvr  that 
is  unseated  by  the  recharge  adapter  end  aeaus  when  the  adapter  is  \ 
removed. 


Check  the  following  statement /s  that  are  trjjk. 
_1.     A  filler  valve  Is  a  spring  loaded  check  valve. 


_2.     The  recharge  adap:er  unseats  the  filler  valve. 

^3.     The  filler  valve  is  located  on  the  outer  surface  of  the 
aircraft . 

>.     A  wrench  is  require^  to  connect  the  recharge  adapter. 


42 


iaamn  to  fttm  6t 


^  1.       /  2.       /  3. 


4. 


Fraai  7 

A  ctpAiTatft  gagi  My  b«  usad  In  som  low  ptMaura  ozygan  systftOB 
to  th0r  cyllnuiar  or  syatm  prMsura..  This  will  dt^nd  on  tha  typt 
of  Mgulator  jK^«t  it  used.    Uam  rtgulators  hav«  a  prusura  gagt  bulM 
In  th«».    Ona  of  ,tha  IndxcatoTa  uaad  la  tha  C«*l  bourdon  ttiba-toparatad 
tTff^.    Tha  bourdAi  toba  la  hoUov  and  iA  tha  ahapa  of  a  '*C.**  Praaaura 
pttt^on  tha  Inalda  of  tha  tuba  vlll  try  to  atralg^tan  It  out.    Tht  pointer 
la  lldcad  throi^  lavara  to  tha  bourdon  tuba«.   Tha  dial  faca  la  iiarkad 
off  In '50  pa^rgraduat^ona  and  tha  0<-100  pal  ranga  la  llnad  out  to  . 
attract  attention  to  thaaa  praaaura  raadlngt.   Hoat  gagaa  hava  a  red 
sark  on  Aa-  glaaa  eovar  at  450  pal  to  point  out  tha  maxlwun  sarvlca 
praaaom   Th#  gaga  la  found  In  tha  cockpit  in  a  raadlly  vlalbla  location. 


K-1  Praaaura  G«iga 


Chack  tha  following  atataaiant/a  that  ara  trua« 

1.     Tha  K-1  praaaura  gaga  la  bourdon  tuba-oparatad. 

 ]Z.     Sona  raguWtort  hava  a  praaaura  gaga  built  In. 

,  3»     tha  K->1  praaaura  gaga  la  alactrlcally  oparatad. 

Tha  p^lntar  la  connactad  throu^  lavara  to  tha  bourdon 
tuba.  ( 


_5. 


PrM.ur.  in  th«  hollow  bourdon  tuba  toads  to  otral^ten 
it  out  Md  dofloc^  tho  noodlo. 


ERIC 


43 


iSmm  to  ftmm  It  '_jL1*      ^  2*   /  4>      /  >5> 

fr«M  8  ^ 

4  ««p«t«M  f  lov  indicator  if  usad  &  soim  loir  prooouro  osqrgm 
wiyntmB  to  fhoir  tiidt  ox]Ft«a  ^  ftovios  throo^  tho  ngulstor.  Scat 
wfttliAon  lum  •  floir  iadlGator  btdlt  ia  thtn.   Xho  A<»3  floir  indicator 
ii  tiMi  tf9%  nMd  M  a  Mparata  iim  ladieator#   Iha  A-^.l  indieataa 

/  by  a  liUakiag  aatloft  lAm       «aar  UbJi3m  duroniii  tha  ojqrfan  «aak. 

/  n  blinkar  ^afa**  ia  aatn^id  hj  a  diapbrapi  in  tha  unit.   Iha  flov 
Indicafroir  doaa  not  Aam  hm  wnA  oaapfn  ia  flowing  or  that  tha  ua  t 
la  tittinf  anoiiiEM»grita»  it  iwt  taUa  tiui  mmt  tiiat  ha  ia  racaiving 
a  flov.  ^ 


i^Tinm  tiiieator 
Chaek  tha  f olloirii!:g  atatanwt/a  tiiat  ara  traa* 

JL.  Tha  4-3  iadioat«Mit  o^rgn  flov  throi^  tha  ragulator. 

JZ.  "minfcar^  ia  tha  corract  nana  for  tha  A«3. 

J).  Tha  liiidur  aya  oparataa  from  a  diaphrapi. 

Jk.  Sm^  ragalatora  hava  a  boilt  ia  flow;  indicator. 

5.  Iha  4-3  dott  not  iadicata  tha  aaount  of  oacrgan  flowing. 


\ 
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Answjtrs  to  Itt 


8: 


/  1. 


2.. 


/  3.       /  4;      /  5. 


Fi^ame  9 

Shown  Is  «  low  pr««sur«  oxysen  systta  with  all  the  units  that 
hsvs  b««i>  covmvd  in  the  tsxt.   This  system  uses  the  Jy-l  shatterproof 
qrllnder,  various  style  aieck  valves,  number  5  alumlnua  t<ibing,  low 
presjiure  filler  valve,  flow  Indicator,  and  pressure  gage.   The  size 
and  ai^otBit  of  cylinders  used  depends  upon  the  need  of  the  particular 
aircraft  that  the  system  is  used  on. 


FLOW 
INOiCArOR 


PRESSURE 
6A8E 


HO  KESmSE  REQUIRED 


V 

Jmwt  to  Ft  MM  9:    Noo^  Bequlrtd. 
Itmm  10 

Th«  hi|^  ptMsurc  oxyg«n  system  has  the  smam  principle  of  opirl^tion 
MB  th«  lov  prMture  t^jmtmm.    Its  omt  advantage  ia  that  «ora  oxygan 
can  ba  atorad  in  a  aaallar  apaca;  hoiravar»  tha  oxygan  la  atorcd  at  a 
higb'praaaura  (1,*K)  pal).    Th^aawa  aaintanimca  profcaduraa  and  aafaty 
rulaa  apply  to  both  tha  hi^  ajsl  lov  praaeura  oxygan  ayatam.  Cara 
mat  ba  taken  when  opening  liqei  in  a  hi|^  praaaure  aystes.   Make  sure 
tiiey  have  been  drained  to  .prevent  poealble  body  daaage  from  the  high 
preaaure.   Bi^  preaaure  gaaeoua  oxygen  ayateaui  are  not  widely  uaed» 
but  they  will  be  your  reaponaibili^. 

Check  the  following  atatraent/a  that  are  true. 

 ^l.     More  oxygen  can  be  atored  in  a  avaller  apace  using  a  higji 

praaaure  ayatem*, 

 2.     Higjh  praaaure  oxygen      particularly  dangeroua, 

3,     High  praaaure  oxygen  ayiteaa  are  widely  used. 


ji.     In  general »  the  aaM  aafaty- precautions  spply  to  low  and 
hi|^  pressure  systi 


/ 


10 
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Anmrttrt  to  Fri 


10: 


/I.       /  2. 


3. 


/  4. 


^  tram  11 

?lnd  thMtt  llttftd  ualtfl  in  tlui  lllu<9tr«tlon  shoim:    th%  hig^  prts« 
•ttr«  filler  valv«^  th«  prMJurt  nducing  valvM»  the.  systfta  shutoif 
vmlvMy  tha^prMtim  MfMy  and  th«  cyliiutor  cooMctloii  points.  The 
check  valiwiy  vbich  are  not  ehoim»  ere  the  next  itene  in  the  pluablng, 
Iheee  itoe  end  the  pltabing  will  be  covered  in  this  text. 


OXYOMmUi  VAIVI 

B 


oxvemneuufot 

n 

m 

MO  RESPONSE  REQUIRED 


TANK  mmUM  OAOfS 

.  G 
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Mummt  to  fxmm  11:   Hont  laqulMd. 
'  Fr«M  12 

,  Study  (hi*  siapUfltd  dlagroi  of  thd  Bum  syatm  that.vM  glv^n 
la'  th«  1m  t  ^rmi«   Hot«  tha  two  strata  syotna.   Tho  tM^cyllxUi^}:* 
Aom  on  th«  lift  olda  of  tiio'  aystos  suj^ly  tho  oxfw&n  to  tho  rogu- 
litow  on  tiidt  0ld«l   Tho  loft  oldo  has  Iti  mm  oyotoa  ihutoff  valvo 
j^iMiiro  rodocor  irmlimt  nd  eyllndor  pnoouro  gmfo.   Tho^rli^t  oldo 
'         two  ptooouro  roduellit  voIvm  that  ara  hookad  In  parallal..  ^tha 
qrllndara  for  both  aldaa  ara  f Iliad  fror  a  eoMon  flllar  valva.  . 


Q  ^«$S.  KOIiCEt 

^  VAlVldiOOWl- 400^51) 

(][)  SHUT-Orr  VALVC 

♦  CHfOCVAlVC 


00 


OXYGIN  KiOUU^OR 


OVtttOAKD 

VENT 


OXYOMIOTTU 
(mtCAL) 


00 


oo 


00 


I' 


VMVf 

(TYWCAt) 


OXYGCN 


CYLINOa  ASSY 
(TYWCAL) 


1 


OVEKtOAID 

VINT 


Chack  tha  foUoirliig  atatamnt/a  that  ara  tnia« 

J..     In  tha  achaMtlc  ahoimt  thara  ara  two  aaparata  hl^  proa- 
aura^ataai. 

2  m     All  cyllndara  ara  flllad  fron  a  connon  flUar  valva. 
]]3.     Tha  «^oppottanta  ara  coavlataly  d^ffarant  In  aach  a^atan. 
*4.     lha  pi§it  hand  alda  haa  two  praaaura  radudng  valvaa  in 
parallal. 
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f  r«  13 

Thtt  hl^  ptMSurs  oxrw^n  cyllsdnrs  «r«  Mdt  of  forgtd 
^•tMl  Hid  ar«  vlr#-ifr^p«fl  to  makii  th^  •hatt^rpiroof  •   Tht  ••rvic* 
prMsuTtt  tct  tlM  eylliidtrf  Is  from  1|800  to  1»850  poi«   Thoss  hi^ 
ptMOuro  eylladon  urn  f alntiMl  gr— n>   M  Aotowtle  ^§Xvm  !•  put,  on 
t!fift  rolMM  ond  of  tho  qrlliidor  to  lot  tho  cylindor  bo  rtaovod  without 
(ilodiorgl]m»  ioT  Mlatononco  on  tho  tT^tos.   A  fuolblo  oofoty  plug 
lo  la  tbm  OtttoMtic  vaIto  to  duap  prooouro  if  tho  tonporaturo  gots 
boMooii  208*  ood  220*F«   A  liydroototic  toot  is  roqulrod  on.thoto  hi^ 
prooouro  cyUndoro  ovory  fivo  yooro  to  dotoralsio  thoir  coimitlon.  Th« 
toot  doto  lo  otoivod  on  thn  node  of  tho  cylindor. 


Blg^  ^rooouro  Qyllndor  U 

a 

Chock  tho  followl-'^^stotoaont/o  thot  oro  truo. 

1,850  pal  would  bo  tho  ooadMua  aorvlc»  prooouro.  . 

Hi^  prooouro  qrllndoro  oro  «lro-^oppod  to  iboko  thoa 
o^ttorproof. 

All  h'l|^  prooouro  cyllndora  oro  polntod  groon. 

Tho  outoBotlc  volvo  ollow^  tho  qrllndor  to  bo  ronovod  with- 
out dlochorglng. 

A  fuolblo  plug  lo  built  Into  tho  outoaotlc  volvo. 

Tho  hlg^  proosuro  cyllndors  oro  node  of  oluninun. 

Tho  fuolblo  oofoty  plug  will  molt  ot  o  tooqporaturo  of  208* 
to  220*F. 


_2. 

_3. 
_4. 

>• 
7. 
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i»^f*to  Pr«M  13 1 


/  1.       /  2,       /   3.       /   4.       ✓  5. 


u  « 


Ih«  tid>iag  ttsad  In  lilghiprM«iir«  kueout  oxygttn  systras  !•  «lth€r 
3/16**lndi  or  S/U-lnch  0t«iiattsf  stettl*    Alunlnua  tubing  vlU  not  stand 
ttt  hl^  prMsurs*   Th«  hi;^  prMSuro  stmlnlMt  0tMl  tiding  niqulres 
•  flanlMO  t]rp«  fitting  c2Xod  EtMto  fitting.    Th«  fitting  conilsts 
of  «  tlMVtt  vhldi  li  prMoaon  tho  and  of  tho  tubing  boforo  tht  tubing 
iM  pitt  In  m  flmrolMs  soatJ  tf  you  ovur^i^tm  «n  Eratto  fitting 
uhllo  trying  to  stop  «  Imk,  It  usually  vlll  laak  nore./ A  tor^ut 
mrtnch  ohpuld  alvays  bo  uood* 


Mmttd  ^rmmtflng  Tool 


gf  mf  >  fHflmwB 

Chock  the  following  itotoaont/s  that  aro  trua* 
J..     Rl|^  praasura  ayatava  uaa  atalnlaaa  staal  tubing. 
J2.     Eraato  flttlnga  ara  flaralaia  flttlnga. 


^3;     You  can  atop  aft  Eraato  fitting  froa  laaklng  by  Incraaalng 
tha  torqua* 

4 

4.     A  torqus  wranch  should  alwsjrt  be  jscd  on  an  Erowto. fitting. 


14 
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Anavars  to  Frami'  14 1 


/I.  /a. 


3. 


/  4. 


(    Frame  15  - 

< 

The  hii^  pressure  filler^ valvt  !•  hand  vh eel  operated  and.  sep- 
arates the  filler  coimectioii  froa  the  q^Undera.    This  vtlve  must 
be  open  when  the  aye  tea  la  filled  with  oxygen  and  is  closed*  at  all 
otlier  tlMS.    The  flUa?  eonneetlon  la  used  to  hook  the  rcharging 
eq^pMn^  to  the  alr^craft  ayatem.    The  type  of  filler  valva  connection 
ahown  In 'one  Uluatratlon  la  flange  aounted  to  the*  aircraft  and  In 
tha  other  It  1^  part  of  the  valvar*    Becauae  of  the  hl^  preaaure  used 
quick  diaconnacta  are  uot  uaad  when  the  ays  tarn  la  recharged.  The* 
ays  tea  check  valvea  aer/e  ^e  aaM  purpose  as  In  the  low  presattr« 
oiqrgen  aysuat  but  are  ma^  to  a  tend,  higher  preaaurea.  Ramanber, 
check  valvea  atop  a  revere a  flow.  ^ 


mm  r-OKHiNosumv 

VMVI    \  Ml 


r 

is;  ^ 


1^ 


Check  the  following  atatemant/a  that  are  true. 

1.     The  filler  valve  la  opened  only  for  filling  the  ay^tan. 


^2.     Quick  dlacmnecta  are  uaed  when  recharging  high  preaaure  " 
ayataas. 

3.     The  filler  valve  aeparatea  the  filler  connection  and  cyllndera« 


jia     The  check  valvea  are  u^ed  to* prsvsnt  revarae  flow. 


15 


51 


3W 

Aamrtrs  to  ftmm  15:       /  1. 


2. 


/    3.       /  4. 


16 


A  ••paratft  prusurt  rtducing  valve  Is  used  In  hlgji  pressure  licy- 
jltii  eyeteai  to  drop  Uie  cylinder  preeeure  fros  1»800  psl  to  ^0  to 
400  pel  befofe  It  goee  In  the  regulator.    This  velve  hes  e  relief 
section  that  vents  the  pressure  overboard  if  the  reducing  sectiojk 
falla  to  vork.    Ibis  is  a  eafety  feature  to  stop  the  regulators  from 
rupturing  if  the  velve  falls  to  work.    The  aajor  parts  are  a  metal 
diaphragm  and  a  coll  eprlng  aeeenbly. 


MeTi^C  DIAI»HIIAOII 


coiu  smiNO 


Oteck  the  fotloirlng  suteMnt/e  that  are  true. 

_1.     The  pressure  reducer  drops^he  cylinder  pressure  from  l,dOO 
pel  to  between  300  to  400  pel. 

If  the  pressure  reducing  valv»%  malfunctions  and  the  relief 
valve  vents  th^pressure  overboard ,  the  regulator  will  rupture. 

^J.     Tha  Mjor  parts  of  a  praaaura  raducar  valva  ara  a  natal  dla- 
phraga'aad  a  coll  aprlng  aaaasfcly. 

_4.     Tha  praaaura  reducar  valva  contains  a  rella£  section. 


Anowara  to  Fraae  16:       /   1.  2.       /   3.       /  4. 


Frame  17 


The  syatMi  shutoff  valve  ueed  In  the  high  pressure  oxygen  system 
is  placed  betireen  the  cylinders  ^aad  the  pressure  reducing  valve.  Thi9 
ia  a  aanual  hand  wheel  opW&ted  valve  that  is  normally  safety-vired 
to  the  open  position.    In  case  of  an  emergency  this  valve  can  be  closed 
(o  Isolate  the  ddLatribution  system  from  the  cylinders.    It  can  also 
be  Used  when  maintenance  is  done  on  the  system.    The  ^valve  should 
always  be  left  in  the^pen  position  and  safety-^ired/  The  position 
that  the  shutoff-^rilve  is  in  (on  or  off)  can  be  seen^through  a  window 
in  the  top  of  the  control  knob. 


VAIVC  ({SOO  P%\  -  400  PSI) 
SHUT-OFF  VALVE 


CHECK  VALVE 


oo 


OXYGEN  REGULATOt 


\  OVBtlOAXO 

VENT 


;L^1800f»St  GAGES 

99 


tCFILl  VAIVE 

Check  the  follow^ statement /a  that  are  true. 


JL.  The  system  shutoff  valve  is  hriid  wheel  operated. 
2.     The  shutoff  valve  is  always  dosed. 


_3.     The  shutoff  valve  is  located  between  the  cylinders  and 
preasure  reducing  valve* 

4.     The  valve  ir  uonpally  in  the  open  position  and  safety-wired. 
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/  1. 


2. 


/    3.       /  4. 


k  pr  ftsure  gfgci  I0  used  to  show  cyllndar  pressure.    Sotae  air- 
craf   hmve  two  systeae  asxd  both  pressure  gages  ere  shoim.    Keep  in 
fldnd  that  this  is  cylinder  pressure  and  not  reduced  pressure.  The 
gage  is  tapped  Into  the  syteem  before  the  pressure  reducing  valve. 
The  gage  is  bourdon  tube  operated  and  reads  from  0  to  2^000  psl,  with 
increwnts  of  200  psl  aarlt^d  off  on  the  dial.    The  reg\ila^or  that 
Is  used  on  the  C-130  aircraft  has  a  f lov  Indicator  built  in  to  let 
the  user  Jcnov  that  oxygen  is  fl^oving  thrbu^  the  regulator.    When  the 
user  takes  1^  breath  of  oxygen»  a  "flag"  attadied  to  a  dlaphragu  shtivs 
throu^  a  glass  vindov  on  the  face  of  the  regulator. 


/j^  iOOO 

K>04} 

Floir 

Indicator 


OkYOCM  RceuLAixm  .>'^^  ^ 


>— NtOC%  ON 


TANK  MMiMtl  OAOH 


OXYOIN  ilOUlATOR 


Check  the  foUowlng  strntcMnt/t  thmt  arc  ttrtm. 

1.     The  pressure  gag«  Indlcstsa  cylinder  pressure. 

The  dlagraa  above  shovs  two  separate  pressure  gages. 

The  flow  Indicator  on  the  C-130  Is  part  of  the  regulator. 
Th£  flow  indicator  on  the  C-130  is  the  A-3. 
The  pressure  gage  la  bourdon  ttAe-op«r»ted. 


2. 
J. 
A. 
5. 
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Answers  to  Fritot  18: 


/  1.  2. 


/  3, 


4,       /  5- 


Frame  19 


Match  tht  Ittttr  ahcum  at  tach  coniponent  with  thz  correct  name 
of  that  component  from  the  llet  below. 


iieCHARG»  ASSY 
(TYPICAL) 


^1.  Oxygen  Filler  Valve 

J.  System  Shutoff  Valve 

_^3.  Ox/gen  Flow  Indicator 

J^.  Pressure  !teducing  Valve 

J.  Stainless  Steel  Tubing 


_6.  Oxygen  Filler  Connection 
J,  Automatic  Valve  Attseiobly 
_^8.      Cylinder  Pressure  Gage 


9.      Check  Valves 


10.     High  Pressure  Cylinders 


55' 
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FOREWORD 


This  progrannned  text  was  prepared  for  use  in  the  3ABR42331  Instructional 
Svstetn,    The  material  contained  herein  has  been  validated  using  thi/ty-one 
students  enrolled  in  the  3ABR42331  course.    Ninety  percert  of  the  students 
taking  this  text  surpassed  the  criterion  Called  for  in  the  approved  lesson 
objective.    The  average  student  required  50  minutes  to  complete  the  text. 

OBJECTIVES 

After  completing  this  programmed  text,  you  will  be  able  to: 

1.      Relate  four  (4)  of  five  (5)  demand  oxygen  system  components  , 
with  their  purpose. 

INSTRUCTIONS 

This  programmed  text  presents  material  in  small  steps  called  "frames." 
After  each  frame  you  will  find  a  number  of  statements  and  you  are  asked  to 
select  the  statement/s  that  are  true.    Read  the  material  in  each  ficame  before 
making  a  selection.    The  answers  to  each  frame  can  be  found  at  the  top  ot  the 
next  page.    If  you  lelect  the  correct;  answers,  continue  to  the  next  frame.  If 
you  are  wroag  or  in  doubt,  read  the  material  again  aijd  coirrect  yourself  before 
continuing,  *  ^' 
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"  Ixi  the  lllustratlpn  below,  D-2  low  pressure  gaseous  oxygen 
cylinders  are  being* used  In  the  supply  section  of  this  system.    Do  ve 
call  this  a  gaseous  oxygen  system?    No,    Oxygen  systems  are  usually 
referred  to  by  the  type  of  regulator  Installed  In  the  distribution 
section  of  the  sy^teir.    The  system  shown  has  the  A-12A  dlluter  DEMAND 
regulator  Installl/sd  and  we  call  this  a  DEMAND  oxygen  system.    If  the 
system  below  has  a  continuous  flow  regulator  Installed,  It  would  be 
referred  to  as  a  continuous  flow  system,  etc.    Other  components  of  the 
demand  system  are  the  A-^14  demand  mask,  A*-3  flow  Indicator,  K-1  pressure 
gage,  and  the  mask-to-regulator  hose. 


DEMAND  OXYGEN  SYSTEM 


DIIUTIR  OIMAHP 


Check  the  following  statements  that  are  true, 

1,      ^Usually  an  oxygen  system  Is  referred  to  by  the  type  of  regulator 
.Installed, 

^     ^  X'  A''12A  regulator  Is  the  dlluter  demand  typo, 

3,  The  A-12A  regt^lator  li^  used  only  with  liquid  oxygen  syst 

4,  Thf  A-I4  demand  mask  is  used  witL  '^e  A-12A  regulator. 


A 


3  >. 
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immtB  to 


3. 


Iht  A-12A  dllutM  dMfiul  rr^ulttor  Mts  its  lunt  froM  th«  fact  that  it 
dallwra  osyt^a  to  your  luoga  la  roaponM  to  Am  auction  of  your  om  braatfa, 
that  la,  ott  immiA.   To  prolong  tha  duration  of  tha  supply,  tha  oxygan  i# 
autoatttlcally  dllutad  (mtmd)  In  tha  ragulator  with  auitifcl^,  aaotmta  of  air 
up  to  ateartala  Altltuda.   Iba  A-12A  la  ona  of  tha  oldaat  oxygan  ragulatora 
in  uaa  and  «a  vlU  dlacuaa  it  flrat  bacfauaa  tha  nawar  ragulatora  ara  pat-* 
tamad  aftat:  tha  A*12A;  thla  will  bacoM  apparant  aa  «a  continua.    For  a 
battar  indarati^ndlnk  of  tha  A-12A,  Mntally  aatch  tho  Uat  of  co^>onanta  vith 
tha  matara  in  tha  arroMd  cirdaa* 


MOTIi  SiACtC  Allows  i»i»lCATI  OKVOtM. 
WHITi  Allows  tMaiCATI  All. 


1. 
2. 

3, 
4, 
5. 


oxvatM 

SMWiY 
M INIIT 


Air  Matarlng  Port, 
Dllutar  Control  Can. 
Eaargancy  Valva. 
Damnd  Diaphraga. 
Chack  Valva.  ^ 


6.  Praaaura  Raducing  Valva. 

7.  Daaumd  Valva. 

8.  Anaroid,  ^ 

9.  Qxygan  Mataring  Port. 
10.  2ad  Staga  Baliaf  Valva. 


^  Typa  A-12A  Dilutar  Damand  Oxygan  Ragul>itor  (Arc) . 

Chack  tha  folioving  atatoMnta  diat  ara  trua. 

1.  Tha  A*  12 A  dallvara  oxygat^on  damand.^ 

2.  Tha  A-12A  dalivara  100%  oxygan  4rt  all  timaa. 

3.  Air  is  mimd  :'tth  the  oxygen  in  Che  regulator  up  to  a  certain 
altitude. 


r 


Co 


AMMti  to  FraM  2:     !•  *^      2.  3. 


Fraaa  3 

As  we  have  stated,  LUe  A-12A  is  a  diluter  demand  regulator.  This  ' 
I  simply  means  that  air  and  oxygen  are  mixed  (diluted)  and  supplied  to  the 
I  user  when  he/she  inhales  (demands)  oxygen.  When  the  user  inhales,  he/she 
1  closes  a  valve  in  the  mask  and  opens  a  valve  in  the  re^gulator.  When  he/ 
•  she  exhales,  this  process  is  reversed.  Starting  where  the  oxygen  enters 
I  the  regulator  from  the  supply  section  you  find  the  pressure'weducing 

mechimism.    The  pressure  reducing  valve  (6)  is  attached  through  levers  to 
.  a  rubber  diaphragm.    (See  schematic.)    As  the  pressure  of  the  oxygen 
increases  in  this  first  stage  chamber,  it  forces  theidiaphragm  down  and 
the  attached  lever  closes  the  pressure  reducing  valve  (6).    40  to  60  psi 
ion  the  diaphragm  close?  the  valve  and  it  remains  closed  until  the  pressure 
: drops  from  the  oxygen  being  used.    Note  the  sprljig  attached  to  the  center 
'of  the  diaphragm  will  also  help  pull  it  up  which  will  open  the  valve. 


OIYOIN 
OOll  IN 
Nitl 
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1.  .    Air  Hstering  fort.  6.       Pressure  Reducing  Valve. 

2.  Diluter  Control  Cam.  7.       Demand  Valve 

3.  Emergency  Valve.  g.  Aneroid. 

4.  Demand  Diaphragm.  9.       oxygen  Metering  Port. 

5.  Check  Valve.  10;       2nd  Stage  Relief  Valve. 

Type    A-12A  Diluter  Demand  Oxygen  Regulator  (Aro) . 
Check  tl\e  following  statemetits  that  are  true. 

  40  to  6C  i^si  closes  the  pressure  reducing  valve. 

  2<      The  user  does  not  have  to  inhale  to  get  oxygen  from  the  A-12A. 

  3.      First  stage  reducing  is  40  to  60  psl. 

5 
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to 
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1.  / 


2. 


tf«  oaw  h«v«  40  to  60  ptl  In  di«  first  stags  chsobsr.    Ihs  only  vsy  for 
tibs  0Mf9m  to  fst  out  of  hsrs  is  up  sround  ths  demand  valvs  (7).  (Sss 
sdmstieO   Tbs  dssHuad  wlvs  (7)  Is  controllsd  diroug^  Isvsrs  sttsdisd  to  ths 
dsMad  tfUiihxmpi  (K).    Ths  dsasnd  dls|lirs9s  is  controllsd  In  turn  b>  ths 
brsatiitnt  of  dis  ussr*    Csbin  prfssurs  sets  on  ths  uppsr  slds  of  dis  drund 
dtsphrsfs  (4).    As  tbs  ussr  inhslss  oj^w^n  is  drama  fron  ths  bottos  slds  of 
Ills  d&sfhrsgK.    This  allovs  csbin  pcsssurs  to  fores  ths  dlsphrsgm  down.  Ths 
cottisetl&t  l«^n  disn  opsn  ths  dsasnd  vslv^  (7)  and  aors  osQrgsn  is  alloMd 
in  ths  uppsr  or  2nd  st  i|s  chsiter.    Ones  Aa  2nd  stags  tiiasbsr^rsssurs  awals 


ths  cifein  prsssurs,  oxygsn  prsssurs  rsisss  dis  diaphraffs  snou^  to  eloss  dis 
dSMnd  valvs.    Ths  Aovs  ssqusnes  is  ths  way  1st  stage  pressurs  is  reduced 
for  pilot  uss. 


aiOUlATOt 


1. 
2. 
3. 
4, 

5, 


Air  Mstering  Port. 
Diluter  Control  Can. 
Emergency  Valve. 
Jesand  Diaphragm. 
Check  Valve. 


6. 
7. 
8. 
9. 
10. 


1-4  §4 


Pressure  Reducing  Valve. 
Demand  Valve.  ^ 
Aneroid. 

Oxygen  Metering  Port. 
2nd  Stage  Relief  Valve. 


Check  the  fo} loving  statementa  that  are  true. 

1.  The  demand  valve  is  controlled  by  the  demand  diaphragm. 

2 .  The  demand  diaphi*agm  is  controlled  by  the  user. 

3.  Oxygen  enters  ^e  second  stags  chamber  through  the  demand  valve. 

4.  The  demand  diaphragm  directly  controls  the  pressure  reducing 
valve. 


6 
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Uh«n  the  uMr  inhalM  (Jmands  oxygen)  the  oxygen  leaves  the  2nd  etage 
chaaber  thorugh  the  oxygen  neterlng  port  (9),  uA  travels  to  the  uaer  In  the 
■aak-to-regulator  hoee.    At  the  aaae  tine,  cabin  air  is  allowed  to  mix  with 
(dilute)  tibe  oxj%mii    The  air  enters  througli  tibe  check  valve  (5);  then 
a  specified  amount  is  ntered  throu^  the  air  metering  port  (1).    Note  that 
tiie  oxygen  neteritig  port  and  air  metering  port  are  attached  to  a  comuon  lever 
wfaldi  moves  up  or  doim.    The  diluter  control  cn  (2)  has  two  positions  which 
are  selected  by  die  diluter  lever,  (see  iUustration) .    With^the  diluter  lever 
positioned  to  •^aormal  oxygen,"  the  aneroid  (8)  will  control  the  movement  of 
the  common  lever.    And  as  cabin  altitude  increases^  tl\e  aneroid  will  expand  an 
gradually  close  off  the  air  metering  port.    At  32.000  feet  the  air  metering 
port  will  be  completely  closed  and  the  user  will  get  lOOZ  oxygen  automatically 


V 


Answers  to  Frame  4;    1.  2.    /_     3.    /  4. 


Frame  5 


OtlUTII  IIVII 


\.  Air  Metering  Port.  6. 

2  Diluter  Control  Cam.  7. 

3.  Emergency  Valve.  8. 

4.  Demand  Diaphragm.  9. 

5.  Check  Valve.  10.* 


Pressure  Reducing  Valve« 
Demand  Valve. 
Aneroid. 

Oxygen  Metering  Port. 
2nd  Stage  Relief  Valve. 


Check  the  following  statements  th^L  are  true. 

1.       Up  to  32,000  feet,  air  and  oxygen  are  mixed. 

The  check  valve  (5)  shuts  off  the  air  at  32,000  feet. 


2. 
3. 

4. 


With  the  diluter  lever  in  normal  oxygen,  the  aneroid  controls  the 
air. 

Above  32^000  feet,  the  user  automatically  gets  lOOZ.in  the 
normal  oxygen  position. 
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7m 

Am^v  to  FnuM  5:    1*  / 


^        As  v«  have  ttattd,  with  th«  diluter  levei  In  "NOHHAL  OXtGEN,"  tht 
antroid  (8)  will  control  tht  amount  of  air  ttitaSag  tha  regulator  and  at 
32,000  feat  it  cloaea  air  aeteri^g  port.    When  the  diluter  lever  is  manually 
placed  in  the  "lOOX  OXYGEHT'  position,  the  diluter. coptrol  cam  (2)  swings  down 
a<  indicated  in  the  schematic  and  engages  a  strip  of  metal  attached  to  the 
common  lever  and.  forces  the  lever  down.    This  action  overrides  the  aneroid 
and  closes  off  the  air  metering  port  (!)•    This  action  supplies  the  user 
with  lOOZ  oxygen  anytime  he/she  so  desires. 

\  .  ■  - 


1.  Air  Metering  Port. 

2.  Diluter  Control  Cam. 

3.  Emergency  Valve. 
H.  Demand  OLaphragm. 
5.  Check  Valve. 


6,  Pressure  Reducing  Valve, 

7,  Demand  Valve. 

8,  Aneroid. 

9,  Oxygen  Metering  Port. 
10.  2nd  Stage  Relief  Valve. 


Check  the  followlL ,  statements  that  are  true.  ^ 

1.  The  diluter  lever  allows  the  user  to  select  lOOZ  oxygen  at  anytlne. 

2.  The  diluter  lever^uoves  the  dilute  control  cam. 

3.  The  diluter  lever  overrides  the  aneroid  when  placed  In  lOOZ  oxygen. 

4.  The  diluter  lever  cooCrols  the  first  stage  reducing. 
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kmmn  to  Fram  6: 


4..   /    2.    /      3.  / 


^83 


FniM  7 


Ths  only  SQctlon  of  th«  A**i2A      have  not  covered  Ic  the  EMERGENCY 
VALVE  (3)«    This  Is  a  hand-irheel  operated  valve  that  opens  an  orifice  as 
shoim  in  the  schanatlc.    When  the  emergency  valve  (3)  is  turned  out, 
oxygen  will  f lov  ^hrough  thle  aachlned  orifice  in  a  continuous  flow  to 
the  user.    Should  pressure  build  up  In  the  regulator,  a  2nd  stage  relief 
valve  iflll  open  at       to  41  Inches  of  water  pressure  to  relieve  it.  The 
emergency  valve  Is  provided  in  case  the  regulator  malfunctions  or  the  user 
] is  unable  to  breathe  normal ly.    Remember,  the  normal  function  of  this 
regulator  requires  that  the  user  demand  (Inhale). 


OXYOIH 
INitT 


DliUTii  tivii 


1.  Air  Metering  Port. 

2.  Dlluter  Control  Cam. 

3.  Ea^rgency  Valve. 

4.  Demand  Diaphragm. 

5.  Check  Valve. 


6. 
7. 
8. 
9. 

) 


Pressure  Reducing  Valve. 
Demand  Valve. 
Aneroid . 

Oxygen  ^letering  Port. 


Check  the  following  statemenu  that  are  true. 

1.  The  emergency  valve  allows  the  user  to  g^t  a  continuous  flow  of 
oxygen^ 

2.  The  2nd  stage  relief  v^lve  opens  at  30  to  41  inches  of  water 
pressura.  ^ 

3.  The  emergency  valve  will  open  automatically. 

4.  The  normal  function  of  the  A-liA  requires  the  user  to  inhale. 
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aw , 

*  SELF  TBI  Q0I2 

In  Mdi  q\M4tlon,  clrcl«  th«  letter  that  idntlflM  th«  comet  aiumar. 
Ch«ek  70ur  Ansnars  on  th#  top  of  th«  n%xt  pagm. 

TK«  Mcood  st«t^  nliftf  valvt  in  th«  A-12A  will  open  and  rall#v«  prat- 
aura  at 

a.  cab  in  ^raaaura  •  ... 

b.  5  pai. 

c.  13  indiaa  of  aarcury. 

d.  30  to  41  Indbta  of  vatar.  ^ 
2«      Tha  it^l2A  oxygan  regulator  la  a 

a*  dllutar  daaand  ragulatoi^. 

b.  praaaura  daaand  ragulato\. 

c.  coatlnucMM  flov  rafulator. 

d.  dllutar  praaaura  danand  regulator. 

3«       A  coaplata  oxygen  eyatett  with  the  A^IZA  regulator  inatalled  would  be 
referred  to  aa  a 

a.  hi^  praaaura  oxygen  ayatem. 

b.  diluter  oxygen  ayatam.  - 

e.  deund  oxygen  ayatem» 

d.       low  preaaure  oxygen  aye  tern. 

4.  The  preaaure  reducing  nachanlaa  in  the  A-^IZA  oxygen  regulator  reducea 
cylinder  preaaure  to  * 

a.  40  to  60  indiea  of  water.  f 

b.  40  to  60  indict  of  aercury. 
c«       40  to  60  pal. 

d.       cabin  preaaure. 

5.  If  the  uaar  of  the  A-*12A  regulator  becana  injured  or  for  aome  other  reaao 
could  not  breathe  normally , ^ iirf*i»ould 


a.  put  tha  diluter^ilever  in  '*nonial  oxygen.^ 

b.  uee  a  wa^- around  bottle. 

c.  open  the  energency  valve. 

d.  place  Uie  diluter  lever  in  "100%  oxygen.'* 

6.       In  die  A-12A  deaand  regulator,  the  demand  diaphragm  opens  and  closes 
the  demand  valve  in  direct  reaponae  to 

-> 

a.  atmospheric  preaaure. 

b.  the  setting  of  the  diluter  lever. 

c.  the  aircraft  altitude^ 

d.  the  breathing  of  the  uaer. 

10 
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Afisvtrs  to  FrtM  8:    1.     d       2.      •      3.     c       4.     c     5.     c      6.  d 


1.  Air  M«t«ring  Por^ 

2.  Oiluter  Control  Cam. 

3.  CmMgMcy  Valve. 

4.  Demand  Diaphragm. 

5.  Check  Valve. 


6.  Pressure  R  educing "^alve. 

7.  Demand  Valve. 

8.  Aneroid. 

9.  Oxygen  Metering  Port. 
10»  Diluter  Lever* 

11.  Relief  Valve. 
Type  A*12A  DUuter  £)emand  Oxygen  Regulator  (Aro). 
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to  fmm  9: 


1.  Air  Metering  Port. 

2.  Dil'itar  Control  Cam. 

3.  Em«rg«ncy  Valve. 

4.  Demand  Diaphragm. 

5.  Check  Valve. 


6.  Pressure  Reducing  Valve 

7.  Demand  Valve. 

8.  Aneroid. 

9.  Oxygen  Metering  Port. 

10.  Diluter  Lever. 

11.  Relief  Valve. 


Type  A-12A  DiUter  Demand  Oxygen  Regulator  (Aro). 


No  response  required. 
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Frame  10 

The  A-14  or  A-14A  demand  mask  is  used  with  tdie  A-12A  demand  oxygen 
regulator.    Thi^  demand  mask  has  a  single  outlet  valve  (I).    This  is  e  one-way 
check  valve  consisting  of  a  circular  flap  of  rubber  «hich  opens  the  outlet 
when  thm  user  scales  and  closes  it  when  he  inhales.    Proper  regulator  operation 
depends  upor  how  well  the  mask  fits  and  how  well  it  is  functioning.  Oxygen 
masks  are  noraally  maintained  by  Personal  Equipment  Specialists  and  by  the 
user.    ICnowing  how  they  function  will  help  you  undeistand  more  clearly  the 
<^xyaen  regulators* 


A-14A  Demand  Mask. 


Check  the  following  statements  that  are  true. 
1«       The  A*14  mask  has  a  single  outlet  valve. 

2.  Regulator  operation  is  affected  by  the  mask. 

3.  The  demand  mask  is  used  with  a  demand  regulator. 

4.  Any  mask  can  be  used  with  any  regulator. 


6<j 
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Ansiftrt  to  fx&m  10: 


1.  / 


2. 


U 


t  othtr  part  of  the  demand  oxygen  ayatea  la  the  flow  indicator  and 
preaaure  gage*    Theae  two  indicatora  are  located  cloae  to  the  oxygen 
regulator  and  ahould  be  clearly  vlalble  to  the  uaer*    The  A-3  flow 
iMlcator  la  dlaphraga  operated  and  'Glinka"  at  the  uaer  aa  he/ahe 
breathea.    Thla  lata  the  uaer  know  that  oxygen  la  flowing  through  the 
regulator.    The  K^l  preaaure  gage  la  bourdon  tube  operated.    Aa  preaaure 
Inalde  the  tube  teada  to  atralghten  lt»  the  pointer  la  noved  through  s 
syattti  of  levera.    The  preaaure  gage  leta  the  uaer  know  how  much  oxygen 
la  In  the  ayetem  thAt  he/ahe  1^  breathing  from. 


58- 

tnd 


A*3    Flow  Indicator* 


K«l  Preaaure  Gage* 


Check  the  following  atatements  that  are  true. 

1.  The  K-1  preaaure  g^ige  la  bourdon  ti^e  operated. 

2.  The  A-3  flow  indicator  operates  from  a  bourdon  tube* 
3*       The  flow  Indicator  "blinks"  as  *^he  user  breathes. 

4.       The  flow  indicator  and  pressure  gage  are  lo.-ated  near  the  regulator 
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Answers  to  Frame  11.    1.     /     2.    3.   /      4.  / 


Frame  12 

Shown  below  is  the  flexible  tdbirg  or  hose  used  to  deliver  the  oxygen 
from  th^  regulator  to  the  mask.    The  plain  end  of  the  mask  to  regulator  tube  as- 
sembly (right  below)  is  damped  to  the.  outlet  elbow  of  the  demand  regilator. 
The  ot^or  end  of  the  hose  contains  a  clothing  clipi,  dust  cap,  and  feuale  part 
of  a  qqlck  disconnect.    The  male  part  of  the  q id ck^  disconnect  is  ^tached  to 
hose  connected  to  the  demand  mask  (left  below).    A  leakproof  connection  is  made 
when  both  halves  of  the  quick  disconnect  are  joined. 


ca^eck  the  following  statementr  that  are  true. 

1*       One  end  of  the  Twtsk  to  regulator  tube  has  a  doth.^   ^  clip  and 
a  dust  cap. 

2.  The  male  part  of  the  quick  disconnect  is  attached  to  the  mask  hose* 

3.  The  quick  disconnect  will  always  leak. 


1-  ^ 


Aaswtrs  to  ^raae 


FnM  13 


Othsr  th«n  di«  •tatlon  rtgulAtora  like  the  A-^2A,  regulators  are  "lac 
xmmd  on  eaall  po?Uble  qrllnders  called  'Valk- around  bottles."   These  bottles 
ara  carried  on  die  larger  type  aircraft  vhero  crev  nenbers  have  to  leave 
tbair  atatloD  regulators  to  perforn  various  duties  vhlle  the  aircraft  Is  In 
fli#it«'  The  older  conblnatlon  A-*13  demand  regulator  and  D-2  cylinder  will 
supply-  ^gen  f or  about  30  slntttes  before  It  iias  to  be  recharged  from  the 
aircraft  naln  system.    The  A-13  demand  regulator  has  no  air  Inlet  and  supplies 
lOOZ  oacygen  o^  demand.    The  D-2  cylinder  is  serviced  with  400  to  450  psl  of 
oxyjimn.    the  carrying  bag  is  used  with  this  combination  because  of  the  weight 
of  tim  I>-2  cylinder. 


Check  the  following  statements  that  are  tnie. 

1.  Walk-around  bottles  would  be  needed  on  fighter  aircraft* 

2.  The  A-13  is  a  straight  demand  regulator. 

3.  The  D-2  cylinder  is  filled  from  the  aircraft  system. 

4.  The    A-13  regulator  supplies  lOOZ  oxygen  on  demand. 


A-13 
Rsfttlator 
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Answers  to  Fraas  13:  1. 


2.    /      3.  / 


4. 


Frame  14 


The  regulators  used  on  walk-arouod  bottles  function  the 'same  as 
I      JTi"*"^*'*'"/^"^^^  coMtnicted  soMifhat  different.    The  newer 

A-15  diluj^  demand  regulator  and  A-6  cylinder  are  also  part  of  the  demand 
oxygen  equipment.    All  portable  Regulators  are  cowtructed  similar  to  the 
J^M.^ i?!.!^"*        J^'i!^        PJ^-'UT*  8«g«.  «iirect  oxygen  mask  connection, 
fJ^i  !     J   °*  f  *^  clothing  clip.    The  A-15  has  an  air  inlet  which  tells  us 
it  8  a  diluter  demand  type.    The  A-6  cyUnder  is  not  as  heavy  as  the  IV-2 
qrlinder  previously  discussed  and  a  clothing  clip  is  provided  to  attach  it  to 
the  flying  suit  of  the  user.    The  A-6  is  «lso  serviced  to  400-45C  psi.  The 
user  has  tft  vmstantly  watch  the  pressure  gage  on  walk- around  bottles  and 
recharge  the  cylinder  before  it  is  empty.  ^ 


PKSUK  GA6E 


OKYQCM  mam 


15  Oxygen  llegulator. 


y 


Check  the  following  statements  that  are  true. 

1.  The  A^15  is  a  portable,  diluter  demand  regulator. 

2.  On  w^    -around  bottles,  the  cylinder  is  serviced  through  the 
regulators. 

Portable  regulators  are  constructed  the  same  as  station  regulators. 


3. 


4.       The  above  unit  is  attached  to  the  dotJiing  of  the  user: 
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Anmers  ^-o  Frame  T4      1.   2.    /       3.  .  ^ 

FraiM  15  ~  ' 

This  concludes  otir  discussion  on  demand  oxygen  equipment,    ^e  equipmeat 
covered  In  this  text  will  be  available  in  the  classroom  or  oxyge0  lab  for  you 
to  handle  and  inspect «    Remember,  039 gen  equipment  is  depended  upon  by  the 
user  as  his  main  life  support  at  hi^  altitudes.    Failure  of  this  equipment 
for  a  15  second  period  may  be  fatal  to  the  User.    Also,  while  you  are  working 
with  and  handling  oxygen  and  equipment,  don't  fprget  the  safety  precautions 
that  appl/  to  oxygen. 

SELF  TEST  QUIZ 

Circle  the  correct  answer  and  check  your  answer  on  the  next  page. 

*1.       The  A-15  portable  regulator  differs  from  the  A-13  portable  regulator 
in  that  the 

A-15  has  a  demand  function  onl)^. 
A-15  is  dilut^r  demand. 
A-13  has  a  fiUer  fitting. 
A-13  has  a  pressure  gage. 

2        The  type  of  oxygen  mask  used  with  the  A*12A  regulator  in  a  demand  oxygen 
system  is  the 


a.  A13  pressure  mask. 

b.  A14  demand  mask. 

c.  K-1  diluter  mask. 

d.  A-3  mask. 


3.       The  A-6  portable  cylinder  is  used  in  conbination  with  the 


a.  ^-15  diluter  demand  regulator. 

b.  A-12A  pressure  regulator. 

c.  A-13A  dilu:  reguliator. 

d.  A-14  fixed  regulator. 

4.       The  A-13  and  A- 15  oxygen  regulators  are 

a.  both  diluter  demand. 

b.  station  regulators  like  the  A-12A. 

c.  used  on  walk*around  bottles. 

d.  constructed  the  same  as  the  A* 12 A. 
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Answers  to  Frame  15:    1.     b       2.      b       3.      a       4,  c 


Mf3 


Remember  Your  Oxygen  Safety 


KMf  til  p«trol«iMi  ^redtfcts  (oif*  qi^M,  M,  etc)  owoy  from 

MoiM  SMTt  th«t  b»4y,  cl«fKlnf«  and  pr«t«ctiv«  tquipfii«iil  or* 
cImmi  and  froa  ol  Balaam  producfi  (Kair  oil  it  o  patroU  jm 
pfoducf)  baWa  poff w^m^  mainttnanca  a  ^  oxygon  systam. 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  the  3ABR42331  instruc- 
tional system.    The  materials  contained  herein  have  been  validated  using 
30  students  enrolled  in  the  JABR42331  course •    Eighty  percent  of  th^ 
students  taking  this  cext  surpassed  the  criterion  called  for  in  the  approved 
lesson  objective.    The  average  time  required  was  2.8  hours  to  complete 
the  text. 

OBJECTIVE 

Relate  five  (5)  of  six  (6)  gaseous  oxygen  system  components  to 
their  operation. 

INSTRUCTIONS 

This  programmed  text  will  review  some  of  the  parts  taught  in  previous 
lessons  on  gaseous  oxygen  systems  and  cover  in  depth  the  operation  of  the 
regulators  and  mask  that  make  the  system  a  press**  e  demand  system.  In 
addition,  the  reason  the  pressure  demand  system    d  needed  is  explained. 

The  information  in  this  text  is  presented  in  small  steps  called 
frames.    After  each  frame  you  are  asked  to  respond  in  some  manner.  Read 
the  material  carefully,  then  make  your  response  as  directed.    The  answers 
for  the  responses  can  be  found  on  top  of  the  next  page.    If  you  answered 
correctly,  continue  on  to  the  next  frame,   "if  you  are  wrong  or  in  doubt, 
read  the  technical  material  again  and  correct  yourself  before  continuing. 


Supersedes  3ABR42231-PT-313A,  22  March  1971. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  300:  TTVSA  -  1 
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Frame  1 


The  dlluter  demand  regulator  sends  oxygen  or  oxygen  mixe *  with  air 
to  the  user  on  demand  or  when  he  breathcss.    This  is  all  jest  fine  until 
we  reach  a  height  of  about  40,000  feet.    From  40,000  feet  up,  the  human 
body  needs  oxygen  under  pressure  to  work  the  way  it  should.    At  sea 
level  pressure,  carbon  dioxide  and  water  are  stable  in  the  blood  stream 
and  oxygen  saturation  of  the  blood  is  lOOX.    At  low  atmospheric  pressure 
(high  altitude),  carbon  dioxide  and  water  vaporize  in  the  lungs  and 
pressure  builds  up  that  keeps  oxygen  from  entering  the  lungs .%  By  adding 
pressure  to  the  oxygen  (pressure  breathing),  we  get  rid  of  this  pressure 
in  the  lungs  and  force  the  carbon  dioxide  out  and  force  "oxygen  In.  Loolc 
at  the  chart  below  for  a  better  idea  of  the  equipment  required. 


ALTITUDE  AND  MOOD  OXYGEN  SATURATION 

»  2.  2  4l  S_ 


S0,000  R. 
45^)00  FT. 
40,000  a 
35,000  FT. 
30,000  FT. 
25,000  R. 
20,000  FT. 
15,000  FT. 
10,000  FT. 
5,000  R. 


O.IC 


CAUTION 
short  p9fiods 
only 


DANOIR 

mnm^^Kf  flying 


EXTRfME 


OXYOfN  SATUtATIONi  95?;  90% 

7i% 

SYMPTOMS  AT  ^ 

<t 

VAfttOUS  OXYGEN  UNOETEaAftLE 

UNDUE 

ERRORS  OF 

SERIOUS 

SATUtATlONS:  HYPOXIA 

FATIGUE 

JUDGMENT 

HANDICAP 

\ 
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Using  the  chart  above  to  determine  the  .approximate  altitude  for  each 
of  the  questions  written  below.    Place  your  answer  in  the  blank  provided. 


_1. 

2. 

J. 
4. 


What  ia  the  linit  of  a  demand  oxygen  regulator? 

What  is  the  safe  limit  a  person  can  reach  without  oxygen 
equipment? 

At  what  altitude  is  a  pressure  suit  desirable? 

How  high  can  a  pilot  safely  fly  with  a  pressure  breathing 
system? 


ERLC 
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Answtrs  to  Frtme  1:    1.    40,000    2.     10.000    3.    45,0jlu^.  A^.QOQ 


Frame  2 

With  pressure  breathing,  as  shown  in  the  chart  in  the  past  frame* 
wa  are  safe  up       a  height  of  about  50,000  feet*    Above  this  height*  the 
carbon  dioxide  and  water  vapor  pressure  will  rise  to  a  point  where  any 
noie  of  an  increese  in  oxygen  pressure  would  damage  tie  lungs.  Also, 
above  50,000  feet,  a  pressure  suit  is  needed  in  case  cabin  pressure 
is  lost.    Without  any  pressure,  blood  will  fcoil  at  60,000  feet,  so 
you  can  see  the  need  of  this  equipment.    Now  that  you  know  why  we  need 
pressure  breathing,  let  us  talk  about  some  of  the  re^^-lators  that  make 
^p  a  pressure^demand  system.    Shown  below  is  a  complete  oxygen  system 
with  the  A*14  pressure  demand  regulator  used.    Note  that  the  change 
found  between  this  system  and  the  straight  demand  p:5^a:em  is  in  the 
regulator  and  mask  used.    The  Arl4  is  a  pressure  demand  regulator  and 
the  A-13A  is  a  pressure  demand  mask. 


ERIC 


Check  the  following  statements  that  are  true. 

1.  The  A-14  is  a  pressure  demand  oxygen  regulator. 

2.  The  A-12A  j^egulator  can  be  used  above  50,000  fe. 

3.  Above  50,000  feet,  a  pressure  suit  is  essential. 


7y 


Answers  to  Frame  2: 


Frame  3 


Take  a  look  at  the  difference  between  the  A-14  (top)  and  the  A-12A 
.(lower)  regulators.    If  you  place  your  finger  pver  the  top  section 
of  the  A-14  you  will  see  that  we  have  an  A-12A  regulator  again,  except 
for  the  EMERGENCY  VALVE  (13)  on  the  A-12A.    One  of  the  settings  on 

"^^^l  will  serve  as       emergency  setting.    Keep  in  mind  when  we 
talk  about  the  A-.14  regulator  that  except  for  the  pressure  breathing 
section  located  on  top,  this  regulator  will  work  the  same  way  as  the 
A-12A.    Match  all  the  parts  listed  below  with  the  A-14  regulator. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

no. 
ni. 
n2. 

**13. 


OXYO€^ 
INlfT 


AM 

NiCT 

Pressure  Reducing  Val^^e 
Demand  Valve  ^ 
Oxygen  Metering  Valve 
Air  Valve 
Check  Valve 
Diluter  Valve 
Diaphragm 
Aneroid 

Demand  Diaphragm 
Pressure  Breathing  Lever 
Pressure  Breathing  Gear  Train 
Pressure  Breathing  Control  Knob 
Emergency  Valve 


OXYGEN 


*A-14 


**A-12A 


No  Response  Required 


SO 


FraM  4 

The  A-14  regulator  is  a  pr^ssure-breathing,  diluter-demand 
regulator.    The  diluter  lever  works  the  diluter  control "cam  (6).  In 
the  100%  oxygen  poaition,  the  diluter  control  cam  will  press  down  on 
the  laetal  strip  hooked  to  the  common  lever  and  close  the  air  valve  (4) 
The  regulator  is  now  delivering  100%  oxygen.    With  the  diluter  lever 
in  theJIORMAL  OXYGEN  position,  the  air  is  controlled  by  the  aneroid 
(8)  up  to  32,000  feet  at  which  time  it,  the  air  valve  (4),  will  be 
closed  off  (same  as  the  A-12A)*    Match  the  part  name  with  the  number 
in  t^ie  arrowed  circles  for  a  better  understanding • 


oxYOew  y  oois  to  mask 

A-14  PRESSURE-BREATHING  DItUTER-DEMAND  REGULATOR 


1«  Pressure  Reducing  VAlve  7. 

2.  Demand  Valve  8. 

3.  Oxygen  Metering  Valve  9. 

4.  Air  Valve  10. 

5.  Check  Valve  11. 

6.  Diluter  Control  Cam  12. 


Diaphragm 
Aneroid 

assure  Breathing  Lever 
Demand  Diaphragm 
Pressure  Breathing  Gear  Train 
Pressure  Brcatliing  Control  Knob 


Place  the  number  of  th^  p»irt  in  the  blank  space  next  to  the  statemeht 
that  best  describes  its  operation/ use. 

  a.      Worked  by  the  diluter  lever. 

 ^b.      The  diluter  control  cam  presses  on  a  metal  strip  attached  to 

the  common  lever  and  closes  this  valve. 

^c.      Controls  the  air  up  to  32,000  feet  with  the  dilut  :  lever 


6 


Answers  to  Frame  4:       6    a,       4    b,  8 


Frame  b 

The  pressure  breathing  control  knob  or  selector  dial  on  the  A-14 
has  six  (6)  positions  th^t  the  user  can  choose  from  as  he  goes  from  sea 
level  to  above  45,000  feet.    As  shown  in  the  regulator  s^ketch  below, 
the  dial  is  hooked  to  a  gear  train  which  in  turn  will  crank  down  the 
spring  lever  and  forci>,  the  dunand  diaphragm  to  open  the  demanu  valve. 
The  first  column  in  the  chart  shown  lists  the* six  different  settings. 
In  NORMAL,  no  pressure  is  placed  on  the  demand  diaphragm  and  the  A-14 
will  %rork  the  same  as^  the  A-12A.    The  second  column  lists  the  altitude 
at  which  each  setting  should  be  us4d,  add  the  third  column  lists  the 
/pressure  that  is  sent  to  the  mask,  ^^e:    On  the  4ial  setting,  /'M" 
-  thousands).     In  case  of  emergency ,Xtl(e  setting  ''ABOVE  45M"  is  used. 
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PRESSURE  SpafNGS  AND  PRESSURE  DELIVERED.  j 

Refer  to  the  ch^rT^aliove  to  complete  each  of  the  following 
statements.  ' 


1.      The  emergency  setting  on  the  A-14  regulator  delivers 
PS I  to  the  mask. 


2.      The  safety  setting  will  be  used  at  ainitudes  between 
and 


3.      At  the  43M  setting 


PSI  is  delivered  to  the  mask. 


4.      At  39,000  feet  the  dial  setting  should  be  changed  from  SAFETY 


to 


i 


Answers  to  Fraaie  5:    1.    0.43    2,  30 > OOP  ft>  39,000  ft    3.  0.21 

4.  41M 

Frame  6 

The  first  schematic  beJow  shows  operation  at  sea  level     The  dial 
would  be  sat  at  "NORiMAL."    Anytime  that  the  regulator  is  not  being  used 
it  must  be  set  ou  "NORMAL"  or  else  spring  tension  on  the  demand  diaphragm 
will  drain  the  system.    Stua^  all  of  the  schematics  and  read  the  infor- 
mation that  tells  just  what  is  taking  place. 


63 


Frame  7 


Place  the  letter  of  the  sketch  in  the  blank  space  next  to  the 
situation  it  matches, 

 1.      You  will  only  breathe  air  because  tha  air  valve  is  open  and 

the  oxygen  valve  is  closed. 

 2.      The  regulator  will  provide  you  with  100%  oxygen  becarse  the 

air  valve  is  closed  and  the  oxygen  val-i^e  is  open. 


3703 

Ansv^^s  to  Frame  7:  1,1  2.  B 
Frame  8 


Place  the  letter  of  the  sketch  in  the  blank  space  next  to  the 
situation  It  matches. 

 1.      As  you  breathe  out  you  push  the  diaphragm  against  the  spring 

tension.    This  in  turn  closes  the  demand  valve  and  stops 
the  flow  of  oxygen  to  t\e  mask. 

 2.      When  you  inhale  the  spring  pushes  against  the  diaphragm.  The 

diaphragm  opens  the  demand  valve  and  oxygen  is  forced  into 
the  mask. 


\ 


10 
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Answers  to  Frame  8: 


B  1, 


A  2. 


Frame  9 

As  hag  been  said,  the  "normal"  setting  on  the  A-14  is  used  up  to 
30,000  feet  and  when  the  system  is  not  beini  used  the  regulator  must  be 
left  in  this  position.     From  30,000  feet  to  39,000  feet,  the  user 
should  select  the  SAFETY  setting  on  the  dial.    As  explained  below,  chis 
is  added  insurance  against  hypoxia  which  can  creep  up  on  you.  The 
SAFETY  setting  provides  only  .0^  psi  to  the  mask. 


MTWttH  30000 
AND  TUtN  MM 

To-wwr 


THIS  ADDS  »NOUOH  MtS$U«t  TO 
OVItCOMI  MASK-liAKS.  IT  i$ 
ADOID  iNSUiANCi 


Use  of  che  Safety  Setting  on  Type  Oxygen  Regulators. 

Check  the  following  st^L. menus  that  are  true.  ^ 

J       The  SAFETY  setting  on  the  A«x4  is  used  between  3^^,000  and 
39,000  feet. 

__2.      The  SAFETY  is  used  in  case  of  an  emergency. 

3.      Hypoxia  can  creep  up  on  you  at  high  altitudes. 

When  left  in  NORMAL,  the  regulator  will  not  drain  the 
system.  - 


11 
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Answers  to  Frame  9:       /  1.   ^2.       /    3>     .  /  4> 


Frame  10 

Keep  in  mind  tliat  without  the  pressure  breathing  mechanism,  the  A-IA 
will  work  the  same  as  the  A-12A  regulator.    The  oxygen  Is  reduced  In  the 
first  stage  chamber  to  40  to  60  psl  by  the  pressure  reducing  valve  (1) 
a      the  diaphragm  (7)*    The  demand  valve  (2)  is  still  controlled  by 
the  demand  diaphragm  just  the  same  as  in  the  A-12A*    The  oxygen  pressure 
in  the  seccid  stage  chamber  can  be  controlled  in  two  ways*    At  low 
altitude  it  will  be  the  same  as  the  cabin  pressure  on  top  of  the  demand 
diaphragm  and  during  pressure  breathing  it  will  be  controlled  by^ the 
spring  tension  of  the  pressure  breathing  lever  (9).    Remember,  the  air 
for  dilution  is  still  controlled  by  the  diluter  lever  which  works  the 
diluter  cam  (6)  and  by  the  aneroid  (8) . 


Place  the  number (s)  of  the  component  in  the  blank  next  to  the  state- 
ment  that  best  describes  its  operation/use, 

 a»      Controlled  by  tne  demand  diaphragm. 

 ^b.      Spring  tension  of  this  lever  will  control  the  oxygen  pressure 

in  the  second  stage  chamber  during  pressure  breathing. 

 c.      This  part  and  th^e  diluter  b  ver  control  the  air  for  dilution. 


12 


Answers  zo  Frame  10:       2    a.    _9_b.         8  c» 


Frame  li 


,1.      Reduces  oxygen  pressure  in  the  first  rtage  chamber  to  40  to 
60  PSI. 

2.  In  the  100%  oxygen  position  the  diluter  control  cara  presses 
down  on  a  laetal  strip  attached  to  a  common  lever  to  close  this 
valve. 

3.  When  you  inhale,  this  spring  puts  a  force  on  the  demand  diaphragm^ 
and  opens  the  demand  valve. 

4.  The  diluter  lever  works  this  item. 

5*      This  item  will  control  the  air  flow  to  the  mask  up  to  32,000 
feet  with  the  diluter  lever  in  the  nonnal  position. 

6.  Exhaling  will  force  this  diaphragm  against  che  spring  tension 
on  the  prassure  breathing  lever  and  close  the  demand  valve, 

7.  To  breathe  100%  oxygen  these  valves  jiust  be  open. 


13 
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Answers  to  Frame  11: 


Frame  12 


I  6. 


D  3, 


L  5. 


F>  H  V. 


Before  we  go  to  the  next  regulator  that  has  a  pressure  gage  and  a 
flow  indicator  built  in,  we  should  say  here  that  with  the  A-14,  the  A-3 
flo',*  Indicator,  and  the  K-1  pressure  gage  are  the  same  ones  as  used  with 
the  A-i2A.    If  you  recall,  in  ^''-e  past  lesson  we  said  that  the  K-1  pressure 
gage  is  bourdon  tube  operated  and  shows  cylinder  pressure.    The  A-3 
flow  indicator  (blinker)  lets  the  user  know  that  oxygen  is  flowing 
through  the  regulator  by  a  blinking  action. 


A-14 
RMUUTOt 


OXYGEN 

>  p  f  5  5    ^  p 


Pressure  Cage. 


BLINKER 


\  OXYGEN /tow  J  ■- 
'X    rNDlCATOR  ' 


A-3  Flow  Indicator, 

Check  Che  foilovln^  statements  that  are  t^ue. 

!•      The  K-1  pressure  gage  and  A~3  fiow  indicator  are  used  with  the 
k-\lk  and  A-14  i  ^gulators. 

2.  rtll  o ^vgen  regulators  require  a  separate  pressure  gage. 

3.  The  K-1  pressure  gage  is  bourdon  tube  operated. 


14 
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Answers  to  Frame  12:       /    1,  2.       »  3. 


Frame  13 

As  was  said  in  the  past,  there  are  many  models  of  that  same  oxygen 
regulator.  ,  The  D-2A  regulator,  shown  below,  is  also  a  pressure  demand 
regulator  with  many  changes  over  the  A-14.    The  change  that  is  most 
easily  seen  from  looking  at  the  face  of  the  D-2A  is  that  the  pressure 
gage  and  the  flow  indicator  have  been  added  to  it.    Nov  note  that  no 
pressure  control  dial  is  seen  so  this  shows  that  the  0-2a  will  ? uto- 
matically  deliver  the  right  pressure  as  altitude  changes.    This  is  done 
with  an  aneroid.    The  D-2A  regulator  also  has  an  ON-OFF  supply  switch 
(lower  center)  that  shuts  off  the  oxygen  supply  to  the  regulator  when 
it  i9  not  being  used.    The  D-2A  is  placed  on  a  panel  in  the  aircraft 
and  the  A-12A  and  A-14  are  hooked  in  the  oxygen  lines.  % 


Type  D-2A  Oxygen  Regulator. 


Complete  the  following  statements. 

1.  The  D-2A  oxygen  regulator  has  a  built-in  pressure  gage  and 

 r  ■ 

2.  (inside  of  the  D-2A  regulator  is  an    that  will  auto-- 

matlcaily  deliver  the  right  pressure  as  the  altitude  changes. 

3.  T^e  D-'2A  is  mounted   the 

aircraft  wlille  the    and   connected  into  the 

oxygen  line. 


15 


Answers  to  Frame  13:    1.     flow  indicator    2.  aneroid 

3,    on  a  panels  A-12A,  A- 14 

Frame  14 

The  MD-r  pressure  demand  regulator,  shown  below,  is  very  much  like 
the  D-2A  but  has  a  lot  of  improvements.    Th3  compact  design  naeds  about 
half  of  the  panel  space  to  mount  in  and  presents  the  user  with  a  much 
more  uniform  and  readable  system  of  controls.    This  regulator  is  used  more 
at  the  present  time  than  any  other  regulator  because  it  can  be  a^pted 
to  more  systems  in  use.    For  high  altitude  flights  this  is  the  best 
regulator  available  at  the  present  time.    In  the  illustration,  look 
at  the  three  toggle  switches  that  are  used  to  control  this  regulator. 
The  EMERGENCY  toggle  (left)  has  three  positions:    emergancy  (up),  normal 
(center),  and  test  mask  (down).    The  DILUTEE  toggle  (center)  has  two 
positions:    100%  and  normal.    The  SUPPLY  toggle  is  simply  on  or  off. 
The  FLOW  indicator  is  the  "flag"  type  which  is  worked  by  a  diaphragm. 
The  pressure  gage  shows  system  pressure  or  pressure  before  it  is  reduced 
for  breathing. 


Type  MD*-1  Automatic  Diluter  Demand  Pressure 
Breathing  Oxygen  Regulator. 

Check  the  following  statements  that  ate  true. 


1. 

The 

MD^i 

has  three  toggle  switches  for  control. 

2. 

The 

MD-1 

is  used  more  than  other  regulators  at  present. 

3. 

The 

MD-1 

^  twice  as  large  as  the  D-2A  regulator. 

4. 

The 

emergency  toggle  has  three  positions. 

.5. 

The 

flow 

indicator  operates  from  a  diaphragm. 

Answers  to  Frame  14:   /    I.        /    2.   3,        /       4.   /  5. 


Frame  15 

Let's  take  a  look  at  the  major  parts  Inside  the  MD-1  before  >^e 
talk  about  how  it  operates.    Mentally  match  each  numbered  item  in  the 
schematic  below  with  its  name  from  the  list  below. 


1. 

Pressure  Gage 

7. 

Diluter  Aneroid 

13. 

2nd  Stage  Chamber 

2. 

Supply  Toggle 

8. 

Demand  Valve 

14. 

Demand  Valve  Lever 

3. 

Press.  Reducing 

9. 

Injector  Mechanism 

15. 

Demand  Diaphragm 

Mechanism 

10, 

Flow  Indicator 

16. 

Cour  er-Weight  Lever 

4. 

1st  Stage  Chamber 

11. 

Emergency  Toggle 

17. 

Press,  r^rea thing 

5. 

Ist  Stage  Relief 

12. 

2nd  Stage  Relief 

Aneroid 

Valve 

Valve 

o. 

Diluter  Toggle 

No  Response  Required 


?7/l 

Frame  16 


Sooe  of  the  parts  of  the  MD-1  have,  in  the  past,  been  pointed  out 
to  you.    The  pressuire  gage  (1)  shows  system  (or  supply)  pressure.  The 
supply  toggle  switch  (2)  just  lets  oxygen  in  the  regulator  when  it  is 
placed  in  *'0N.'*    The  pressure  reducing  mechanism  (3)  is  the  first 
stage  of  reducing.    This  is  a  spring  loaded  bellows  and  valve  which 
sets  the  incoming  pressure  between  37  and  45  psi.    As  the  bellows  moves 
up  and  down,  the  valve  moves  back  and  forth  (see  arrows).    The  reducing 
mechanism  is  in  the  first  stage  chamber  (4).    The  first  relief  valve 
(5)  will  open  at  55  psi  if  the  reducing  mechanism  fails.    The  diluter 
toggle  switch  (6)  lets  cabin  air  in  to  mix  with  the  oxygen  when  it  is 
in  the  "normal  oxygen'*  position  and  the  air  inlet -valve  is  in  the 
"lOOX  oxygen"  position. 


Match  the  circled  number  of  the  component  in  the  schematic  to  the 
^statement  below  that  describes  that  component  operation/use. 

 ^,      Opens  a  valve  that  allows  oxygen  from  a  converter  into  t^e 

regulator. 

 ^b.      When  put  into  the  normal  position  it  lets  cabin  air  mix  with 

the  oxygen  and  dilute  it. 

 c,      A  high  incoming  oxygen  pressure  will  affect  a  spr ing-loade : 

bellows  in  this  mechanism  which  in  turn  will  set  the  incoming 
pressure  between  37  to  45  psi. 

 ^d.      A  spring  lu*.ded  valve  that  will  open  at  55  ps<  if  the  pres.  .re 

reducing  y^lve  failed* 

 Shows  the  oxygen  pressure  in  the  system  (supply  pressure). 


Answers  to  Frame  16:       2    a,       6    b.       3    c«       5    d.        3.  e. 


Frame  17 

The  diluter  aneroid  (7)  lets  air  in  according  to  the  cabin  altitude 
when  the  Jiluter  toggle  switch       In  the  "normal  oxygen'*  position.  The 
aneroid  will  expand  and  completely  shut  off  the  air  at  33,000  feet  cabin 
altitude.    The  demand  valve  (8)  lets  the  oxygen  into  the  injector 
assembly  (9)  which  acts  as  a  venturi  (creates  a  low  pressure  area) • 
This  low  pressure  area  draws  air  in  to  mix  with  the  oxygen.    If  a  large 
demand  is  placed  on  the  regulator,  the  injector  (9)  will  slide  forward 
(to  the  left)  and  let  oxygen  bypass  through  the  pc ssagewey  on  each  side. 
The  flow  indicator  (10)  is  a  "flag"  which  is  diaphragm-operated  and 
shows  in  th^  viewing  window  as  the  user  breathes. 


MOIMAI  f  ^"'«;  100% 
OIVOIN  V      '  ' 


Off  ON 


Place  the  number  of  the  component  from  the  above  schematic  in  the 
blank  alongside  the  statement  that  best  describes  its  operation/use. 
Some  numbers  can  be  used  more  than  once. 


_a. 
c. 


e. 


Cabin  atmospheric  pressure  will  cause  this  unit  to  expand. 

Creates  a  low  pressure  area  th^t  draws  air  in  to  mix  with 
the  oxygen. 

The  amount  of  oxygen  that  flows  into  the  injector  is  controlled 
by  this  unit. 

Meters  air  according  to  the  cabin  altitude  completely  shutting 
off  the  air  flow  when  the  cabin  altitude  reaches  33,000  feet. 

Operated  by  a  di^hragm  to  show  the  flow  of  oxygen  each  time 
the  user  inhales. 

Slides  forward  when  a  high  demand  is  placed  on  the  regulator 
to  let  oxygen  bypass  through  passageways  in  each  side  of  it. 

19 
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Answers  to  Frame  17: 


Frame  18 


J_a. 

9 


9  b. 


8  c, 


7  d. 


10 


The  emergency  toggle* switch  (11)  gives  pressure  breathing  at  any 
altitude  when  it  is  put  in  "EMER."    In  the  n"nonnal**  position,  pressure 
breathing  is  taken  care  of  by  tjie  pressure  breathing  aneroid  (17). 
The  "test  mask**  position  provides  pressure  for  testing  the  ^ioask  for 
leaks  while  on  the  face.    The  second  stage  relief  valve  (12)  relieves 
pressure  above  1«5  inches  of  water  presisure  in  th^  second  stage  chamber 
(13).    The  demand  valve  lever  (14)  is  hooked,  at  one  end,  to  the  demand 
diaphragm.'    It  will  push  the  demand  .valve  f ound  ^on  the  other  end  of  the 
lever  up  and  dowa.    The  counterweight  lever  (16)  provides  a  linkage  to 
the  emergency  toggle  swiuch.    It  stops  the  fluctuation  of  pressure  in 
the  second  stage  chaniber.    The  pressure  breathing  aneroid  (17),  which 
was  mentioned  earlier,  automatically  increases  the  pressure  load  on  the 
demand  diaphragm  as  the  aircraft  altitude  increases.    This,  in  turn, 
increases  the  pressure  sent  to  the  mask. 


NOUHAI 


100% 


Place  the  number  of  the  part  from  the  above  sketch  in  the  blank 
space  alongside  the  statement  that  best  describes  its  operation/use. 
Some  numbers  can  be  used  more  than  once. 

 a.      In  the  normal  position  aircraft  altitude  will  cause  this  unit 

to  expand  and  increase  the  pres^Mre  load  on  the  demand 
diaphragm  which,  in  turn,  will  increase  the  pressure  sent  to 
the  mask. 

 b.      Provides  a  linkage  from  the  demand  diaphragm  to  the  emergency 

toggle  switch. 

 c.      When  moved  by  the  detuand  diaphragm,  moves  the  demand  valve  up 

or  down  to  increase  or  decrease  the  pressure  sent  to  the  mask. 

When  placed  in  the  emergency  position  it  will  provide  pressure 
breathing  at  any  altitude 

20 


J 


d. 
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Answers  to  Frame  18:      17    a,      j  6    b ,      14    c.      11  d. 

^  Frame  19 

In  the  sketch  shown  you  can  see  how  the  MD-1  works  below  30,000 
feet  when  the  user  inhales  or  calls  for  oxygen.*   Follow  the  flow  of 
oxygen  and  air  through  the  regulator  as  we  talk  about  how  it  works ♦ 
With  the  supply  toggle  switch  ''ON,"  oxygen  goes  to  the  first  stage 
chamber  where  the  pressure  is  dropped  to  37  to  45  psi.    Oxygen  now 
goes  down  to  the  small  chamber  below  the  pressure  breathing  aneroid, 
r     aneroid  has  not  expanded  and  the  diaphragm  under  the  aneroid  has 
this  port  closed.    When  the  user  inhales,  a  vacuum  is  formed  in  the 
second  stage  chamber  (shown  by  the  circles)  that  will  raise  the  demand 
diaphragm  and  the  demand  lever  which,  in  turn,  opens  the  demand  valve. 
Oxygen  will  now  flow  through  the  top  of  the  demand  valve  and  .through 
the  injector,  which  will  cause  a  low  pressure  area  and  draw  in  air  , 
from  around  the  diluter  aneroid*    Oxygen  also  goes  up  to  the  flow 
indicator  diaphragm  and  pushes  the  flag  up  to  the  window.    The  air  and 
oxygen  now  mix  In  front  of  the  injector  and  flow  to  the  mask. 


Select  the  statements  that  describe  tl?3  operation  of  the  MD-i 
oxygen  r  julator.     (Circle  the  number(s)  of  your  choice.) 

1.      As  you  inhale  the  demand  diaphragm  will  rise  and  ope*n  the 
demand  valve  and  let  oxygen  from  the  cor /erter  tlow  through  the 
injector* 

2»      The  oxygen  that  flows  through  the  injector  \iV\  create  a  low 
pressure^^rea  that  will  driw  In  air  from  around  the  diluter  aneroid 
and  mix  it  wi.h  the  oxygeu. 

3.       fOr  items  1  o.nd  2  above  to  happen  the  srpply  toggle  is  in  the 
**0N**  position,  diluter  toggle  is  In  ^'norma]^  oxygen,"  the  emergency  ' 
toggle  is  in  "NOR,"  and  the  aircraft  must  be  below  30,000  feet 

:i 
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Answers  to  Frame  19:     •  (l)    ©  (D 


Frame  20 

Let's  talce  a  look  *at  what  goes  on  in  the  regulator  when  the  user, 
exhales  or  breathes  out.    Muscular  effort- on  the  part  of  the  us^ir  is 
needed  to  overcome  the  pressure  in  the  regulator.    This  is  especially 
true  if  the  pressure  breathing  aneroid  is  in  operation.    When  the  user 
breathes  out  hard  enough,  the  demand  diaphragm  drops  down  and  lets 
the  demand  valve  go  closed.    This  back  pressure  also  closes  the  air 
check  valve  below  the  diluter  aneroid.    Pressure  on  the  top  side  of  the 
flow  indicator  diaphragm  pulls  the  flag  out  of  the  window.  Oxygen 
pressure  will  quickly  build  up  in  the  first  stage  chamber  and  close  the 
reducing^  valve.    When  tlie  user  inhales'  again,  this  pressure  is  reversed 
as  was  explained  in  the  previous  fr^me< 


now  IHOKTOt 


NOIMAl  ^ 
OXVOlN 


sumv 

OM  ON 


Select  the  tr^ie  statements  from  the  following.     i^Circle  the  number (s) 
of  your  choice.) 

1.  When  the  user  exhales,  the^low  indicator  flag  is  not  visible, 

2.  Muscular  effort  is  required  when  exhaling  into  th^>  regulatory 

3.  When  exhaling,  the  demand  diaphragm  drops  and  closes  the 
demand  valve. 

4.  The  diluter  toggle  must'bt  in  100%  oxygen    ^  get  air  in  the 
.regulator, 

5.  JThe  first-stage  chamber  reduces  pressure  to  between  37  and 
45  psi. 
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Answers  to  Frame  20:  '     Q    (TJ)  @     ^-  '@ 


Frame  21 

Now,  let's  talk  on  how  the  MD-1  regulator  works  when  pressure 
breathing.    As  we  have  said,  pressure  to  the  mask  is  changed  auto-  ' 
matically  by  the  pressure  breathj.ng  an^oid  as  cabin  pressure  goes  up. 
A  safety  pressure  of  0.1  to  0.2  inches^o^  water  is  sent  to  ^the  mask  at  i 
altitudes  of  30,000  t3  39,500-  feet  to  do,  away  with  the  chatee  of  a  Jl 
negative  pressure  at  the  mask.    Near  40,000  feet,  the.  pressur^ breathing 
aueroid  has  expanded  to  egive  automatic  pressure  breathing  to  the  user. 
This  pressure  is  from  2  to  15  inches  of  water  pressure  dependfng  on 
cabin  altitude.    You  can  see  in  the  sketch  shown  that  oxyjen  from  the 
pressure  breathing  aneroid  has  raised  che  demand  diaphragm  which  now 
holds  the  demand  valve  open.     The  cycle  shown  is  when  .the  user  is 
breathing  in.    To  exhale,. the  user  has  tt^  overcome  the  pressure  on  the 
demand  diaphragm.     See,  too,  that  the  diluter  aneroid  has  closed  the  ^ 
air  inlet  and  the  flow  indicator  flag  can  be  seen  in  t^e  window. 

now  IMOKATOI  OXVOIH  ^^OIYOIM,  oJ^'oN 


Select  the  statements  that  dejcribe  the  operation  of  the  MD-1 
regulator  during  pi essure  breathing.     (Circle  the  number(s)  of  your 
choice,)  .  ' 

1.  At  altitudes  of  30,000  to  39,500  feet  a  safety  pressure  of  0.1 

to  0.2  inches  of  water  Is  sent  to  the  mask  to  do  away  with  the  chance 

of  a  negative  pressure  at  that  point* 
« 

2.  ,  Around  40,000  feet  the  pressure  breathing  aneroid  has  expanded 
.and* raised  the  dem'^nd  diaphragm  which,  in  turn,  holds  the  demand  valve  » 
open., 

^       3.      To  exhale  you  have  to  overcome  the  pressure  applied^ijp  the 
demand  diaphragm.  ^ 
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Answers  to  FMme  21:       (l)  .(z^  ^ 
*  Frame  22  ^ 

INSTRUCTIONS  ^  "      .  . 

Identify  the  components  of  the  MD-f  oxygen, regulator  by  matching 
the  letters  in  the  arrowed  circles  with  the  name  of  the  it^  below. 


r  X 


now  »HoiCArot 


Pressure  Ciage 

Supply  Toggle 

Pressure  Reducing 

Mechanism 

Isw  Stage  Chamber 

1st  Stage  Relief  Valve 

Diluter  Toggle 

Diluler  Aneroid 

Demahd  Valve 

Injector  Mechanism. 


10.  Flow  Indicator 

11.  Emergency  Toggle 
111.'  2nd  Stage  Relief  Valve 
J^3,  2nd  Stage  Chamber 

14.  Demand  Valve  Lever 

15.  Demand  Diaphragm 

16.  Counter-Weight  Lever/ 

17.  Pressure  ^rea^hing  An>ar£)id 
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Answers  to  Frame  22: 

1. 

0  >2. 

J 

3. 

D 

4. 

P 

5. 

M 

6. 

F  "7. 

I 

8. 

A 

9. 

N 

10. 

L 

11. 

G  12. 

B 

13. 

H 

14. 

K 

15. 

C 

'l6. 

_2_i7. 

Frame  23 


5»  •  I 

Select  the  statements  that  describe  the  operation  of  the  MD-1 
regulator  below  30,000  fec^t*     (Circle  the  number (s)  of  your  choice.) 

1.  Both  the  nressure  breathing  aneroid  and  dlluter  aneroid  are 
compressed. 

2.  The  pressure  breathing  aneroid  expands  while  the  dlluter 
aneroid  is  compressed. 

3.  With  the  supply  toggle  in  "ON,"  o:cygen  goes  to  the  first 
stage  chamber  where  it  is  reduced  to  37  to  45  psi. 

4.  When  you  Inhale  a  vacuum  is  fonaed  in  the  second  stage  chamber 
that  Valr.es  the  demand  diaphragm  and  opens  the  demand  valve. 

'5**^     Oxygen  will  flow  through  th^j  Injector  which  creates  a  low 
pressure  area  that  draws  air  in  t^hiough  the  dlluter  aneroid  valve. 

6.  Both  che  oxyg*"!^  from  the  injector  and  the  air  from  the  dlluter 
atieagoid  mix  and  fxow  co  the  mask. 

7.  As  you  inhale  a  pressure  is  placed  on  the  demand  diaphragm 
forcing  the  d::mand  diaphragm  to  close  the  demand  valve. 

%l      As  you  inhale  a  pressure  is  placed  on  the  top  of  the  flow 
indicator  diaphragm  which  pulls  the  flag  out  of  the  window. 
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Fr^  23  XCont' 


XCont'd)^ 


Select  the  statements  that  describe  *the  operation  of  the  MD-1  regul.^tcfr 
during  Pleasure  bre^iilng.     (Qj^cle  the  number (s)  cf  your  choice,) 

9.      The  dlluter  aneroid  will  expana  as  the  aircraft  rises  In 
a'ltltu(?e  closing  the  dlluter  valve. 

10.  The  ^Tluter  anerqld  will  rend  a  safet^y  pressure  of,  0.1  to  0.2 
Inches  of -water  to  the  mas^  at  altltudeS  of  30,000  to  39,000  feet. 

11.  '     Near  40,00Q  feet,  the  pressure  breathing  aneroid  has  expanded 
and  provides  oxygetv  pressure  to  the  ma&k'  equfvalent  to  2  to  15  Inches  , 
of  v^ter  pressure* 

12.  The  pressure  breathing  aneroid  supplies  oxygen  pressure  to  - 
raise  the  demand. diaphragm  and  close  the  demand  valve. 

13.  Durlin^  pressure  breathing  a  person  cannot  exhale. 

^  /  \  ^ 

14.  When  oxygen  pressure  Is  supplled^o\the  mask  It  also  .Is  placed 
01^  the  bottom  of  the  flow  indicator  diaphrigm  raising  the  flag  in  the 
window. 


ERIC 


26 


10 1 


Answers  to  Frant  23;       Q     2.    @  @   (5)    0  7. 

10.  12.  13. 


Frame  24 

*-  • 

The  oxygeturegulators  that  a.e  used  iti  high  presfiure  'gaseous 
oxygen  systems  a»800  to  li'SSO  psi)  where  a  pressure  reducer  Is-  not  - 
■  Installed, between  thL  cylinders  anjl  the  Regulator  are  the  MD-2  and 
MB-2  pressure  deigand  regulator^.!  If  a  pressirfe  reducer  Is  Installed, 
regulators  such  as  the  MD-l- and  1)-2A  can  be  used.    The  principles  of 
operai^ion  of  the  MD-2  and  MB-2  are  the  same  as  ftie  MD-1.  However, 
these  regulators  are  constructed  jinternally  to  wit^hstand  hi«h  pressure. 
The  MD-2  shpwn  (note  the  high  pressure  gage)  looks  the  same  as  the 
MD-1  but  the  two  regulators  cannot  be  interchanged. 


MD-2^ Oxygen  Regulator 
Check  the  following  statements  that  are  true. 


_1. 
_2. 
_3. 
4. 


The  MD-2  and  MB-2  are  high-pressure  regulators. 

The  D-2A  regulator  is  designed  to  withstand  high  pressure. 

The  MD-2  is  a  pressure  demand  regulator. 

If  a  pressure  reducer  is  installed  betweeiv  ehe  high  press  re 
cylinders  and  the  regulator,  it's  possible'^o  use  the  D-r2A. 


ERIC 
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Anders  to  Frame  *24:      ^/   T>   2.        ^    3.        ^  4> 

Frame  25 

The  pressure  demand^ mask,  type  A-13  and  type  A-13A,  are  used  with 
the  pressure  demand  x>xygen  system*    Pressure  demand  masks  are  not  like 
demand  masks  In  that  they' will  holtl  ptess^v&S  higher  than  ambient 
pressure.    A  flap  or  seal  made  of  rubber         forms  a  ring  on  the  Inside 
of  the  ma^k  to  keijp  the  oxygen  In  th^  mask*    Check  valves  (2)  keep  the 
oxygen  Inlet^  closed  whil^  tlie  liser  Is  exhallag*    The  exhalation  valve 
(3)  opens  only  at  a  pressure  just  a  little  more  than  that  on  the  Ipslde 
of  the  typing  leading- to  the  mask.    The  houslUg  of  the  exhalation  valve 
forms  a  tube  which  goes^down  Into*  the  inlet  tube  (5).    Through  tljis 
tube,  the  oxygen  coming  in  sei>ds  its  delivery  pressure  to  act  upon  the 
lower  side  of  the/Cdmpensa-ting  diaphragm  (6)<    This  pressure  keeps  the 
exhalation  valv^^O)  closed  until  a  little  grMter  pressure  caused  by 
•exhaling  is^-brbught  to*  bear  upon  the  upper  surface  of  the  main 
diaphrargm  X?) »     The  valve  then  opens  and  the  exhaled  air  leaves  the  mask 
through^  the  port  (9) .    The  mask-to-reg,ulator  hose  in  the  pressure  demand 
system  1*  the  same  as' in  the  demand  system.  * 


•l^OXYOtN  FROM 
RfOUlATOK 

c=^  IXMAifO 
UlAfH 


Typ«  A-13  Pressure  Demand  Mask. 

Place  the  number  from  the  sketch  shown  above  in  the  blank  alongside 
the  statement  that  best  aescribes  the  mask's  operation/ use . 

(  f 

 a.      Will  open  when  the  user  inhales  ai.d  closes  wheh  the  user 

exhales* 
> 

 b»      Will  stay  closed  until  a  little  greater  pressure  caused  by 

exhaling  is  placed  on  the  upper  surface  of  the  main  diaphragm 
at  which  time  it  ^^Lll  open. 

 c.      Exhaled  air  will  l^ave  through  this  port. 

V,  ■  / 
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Answers  Co  Frame  25 : 


3  b. 


8  c. 


Frame  26 

The  portable  pressure  deraand  unit  is  shown  below.    It  consist.?  of  ^ 
the  A-21  regulatpr  and  the  A-6  cylinder.    The  pressure  demand  unit  is 
installed  in  the  larger  aircraft  with  an  operating  range  above  35,0(10  t 
feet.    The  A-21  is  a  straight  'demand  regulator  (no  air)  and  contains  V 
a  beljbws-operated  pressure  reducer.    Pressure  breathing  is 'caused  by 
turning  the  control  knob  which  puts  a  load  otr  the  breathing  diaphragm 
through  a  system  rff  springs  and  levers  (very  much  like  the  A-14).  The 
control  knob  has  lour  (4)  settings:    ''NORMAL"  (damand  only,  no  pressure), 
"30M''  (pressure  breathing- at  30,000  feet),  (pres^ire  Ireatljrlng  at 

42,000' foet)  ,  and  "EMERGElJCY"  (continuous  flow  of  oxygen  to  the  user).  , 


J 


typd  A-21 

PRESSURE-SREATHING  REGULATOR 

Pressure  Breathlnff   p**^  *^  mochoiii^ 

^CMtrol  Knob    ,  pliw^wWcfcitbobw^bypfw- 
Mff*  of  ^VvoMne"  0XV9M  bolow.) 


0XY004 
ATftREATHINO 


oxftmt 
cYUNoai  oxYom 


OUTUT 

CONNKTION  or 

  MASK  Host 

MfCHANSM-OXYOBI  MS5f S  OXYGIN  AT 
AT  40  .to  60  pti  StEATMNG  PRESSURE 


MBSURI-RBHIONO 


'PrcMure  Deioand 
Portable  Unit 


Check  the .  following  stateiqfents  that  are  true, 
_1.      The  A-21  is  a  pressure  demand  portable  regulator 
1. 
3. 


The. A-6  cylinder  ,ls  used  with  the  A-21  regulator. 
Pressure  breathing  is  contro]led  by  an  anei;j;^id  in  the  A'2r. 


Answers  to  Frame  26:        /    1.        /    2 3. 
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FOREWORb 


This  prograxnmtd  taxt  was  prepared  for  use  in  tha  3ABR42331  Ins  true- 
tlonal  Systam.    Tha  matarlal  contained  herein  \\u  been  valldatad  using 
studaxits. enrolled  In  tha  3ABR42331  course.    Ninety  percent  of  the 
students  taking  this  text  'iCchieved  or  surpassed  thk  criteria  oallad  ^ 
for  in  tha  lasfon  objective.    The  average  student' required  1  hour 
and  15  ainutas  to  cpiqplet^  th^s  text. 


^   .  CBJECTIVE 

Relate  five  of  six  gesaoua  oxygen  system  components  to  its 
operation.  ^ 

INSTRUCTIONS 

This  text  presents  msta^rlal  in  small  steps  ciiUed^" frames."  After 
each  frame  you  will  find  a  number  of  statements  and  you  are  asked  to- 
select  the  true  cta^auent  or  statemej^ts  frca  this  list.    Read  the 
material  carefully  before  making  a  selection.  ^The  answers  t^r the 
statamenta  can  be  found  on  the  top  of  tl>e  next'^ame.    If  you  select 
the  correct  answers ,  ceutinue  to  the  next  frame.    If  you  are  wrong  or 
in  doubt »  read  the  material  again  and  correct  ^rotirself  before 
continuing. 


/  . 
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FrAme  1 


Continuous  £lov  or  constant  flow  oxygen  squlpment  Is  not  used  In 
eny  of  the  conibat  type  aircraft,  but  it  is  used  in  some  of  the  tvaining 
aircraft,  and  in  all  cargo  aircraft  that  take  part  in  air  evacua.tion 
and  the  transporting  of  troops  and  cargo.    The^  creif  vhich  is  in  the 
front  part  of  the  aircraft  uses  the  demand  type  oxygen  regulator. ^ 
while  the  cargo  part  in  the  rear  of  the  aircraft  uses  the  constant  flow 
syst^.    The  main  reason  for  this  is  that  the  constant  fiow  systen 
does  not  meet  the  needs  of  the  crew.    The  supply  for  the  constant 
flow  systett  is  the  same  as  it  is  for  the  demand  system,  either  the 
gaseous  or  the  liquid  may  be  used.  'Since  there  are  many  constant  flow 
systems  thar  axe  now  in  use,  this  text  will  be  limited  to  the  one  that 
is  found  on  transport  or  cargo  aircraft  and  is  called  "THE  TBOOP 
OJI^GBN  SYSTEM.^ 


Check  the  following  statements  that  are  true. 

^  1.      Constant  flow  systems  are  not  used  in  combat  aircraft. 

 2.     Constant  flow  systems  use  only 'a  gaseous  oxygen  supply. 

** ,  3.     Th.re  are  many  different  constant  'flow  ays  tens. 


The  coustant  flow"  system  lii  transport  or  cargo  atrciraft 
Is  the  troop  oxygem system. 


\ 

ERIC 


Answers  to  frsme  1:       /  1* 


2.       /    3.       ✓  4, 


?rams  2 

* 

ft 

The  tvoop  or-, gen  syatsm  ^11. supply  oxygen  for  up  to  154  troops. 
It  will  work  at  a  supply  pressure  of  300  psl.    The  pressure  regulator 
Is  used  to  regulste'the  distribution  pressure  from  29  psl  to  69  psl, 
depending  on'hiiw  high  the  aircraft  Is  flying.    If  tha  aircraft  Is  at 
a  lo^f  altitude,  a  string  flow  of  o::7gen  vlU  be  needed  due  to  the  high 
ataospherlG  pressure  that's  around  the  lungs*    The  troof^  systea  ls< 
made  np  of  a  pallet  thu^  Is  removable  and  an  oxygen  ^regulator  panel. 
Look  et  the  schemAtlu  that  Is  on  this  page.    Xnls  vUl  show  the,  1  ferns 
In^he  system  that  are^  going  to  b«i  covered  in  this  text. 


.  Framt  3 

Part  of  the  troop  ays ten  is  the  liquid  oxygan  pallet  which  la 
shown  on  page  5.    This  pallet  w^.ll  hold  two  75-llter  con/ertars,  two 
heat  exchangers,  and  the  electrical  connections  and  lines  that  are 
used  to  Join  lt<%o  the  flxed'part  of  the  system.    These  pallets  are 
coopletely  removabJLa  idien  they  are  empty,  and  are  repaired  by  the 
shop.  '  * 


Check  the  following  statements  that  are  true. 
 1.     The  liquid  oxygen  pallet  is  removable. 

2.  The  pallet  contains  two  75*liicer  converters. 



3.  T^e  liquid  oxygen  pallet  is  repaired  by  the  crew  chief. 

t 

k.  Heat  exchangers  are  ncft  used  on  the  liquid  oxygen  pallets. 
5.     The  liquid  orf^xi  pallet  is  part  of  the  troop  system. 


Answers  to  Frame  i: 


/I.       /  2. 


3. 


4*    W  5. 


Tk#  troop  regulator  panel  is       the  cargo  cQnipartinant  and  la  made 
up  of  the  follolirlng  It^ma:    Two  (2^^conatant  flow  regulatory »  four  (4) 
heat  exchangers »  three  (3)  dual  check  valves,  and  a  pressure  switch. 
There  Is  a  self  contained  troop  oxygen  panel  which  we  will  talk 
about  at  a  later  tise*    The  supply  lln^s  that  a^e  on  the  panel  are 
Joined  to  each  of  the  regulators  through' tthe  dual  chedc  valve{^« 
Becaus^  of  the  different  spring  loads  In  the  check  valves,  either 
or  both  converters  will  bL  able  to  suppl)  oxygen  to  either  or  both 
regulators.    The  Keat  ^cnangers  are  use<.  to  warm  up,  the  gaseous 
oxygen  to  a  teicperature  wet  will  be  safe  for  breathing. 
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.    f      FraiM  5 

Thtt  constant  flow  regulator  that  la  now  being'used  in  the  troop 
ayetem  la  the  Scptt  lOO-man  regulator*    Two  {^)  of  the^e  regulatora 
are  uaed  In  thla  ayatemJ    They  are  hooked yLn  parallel  ao  that  If  one 
of  them  f  aila      work,  tKe  supply"  to  the  /ther  regulator  will  not  be 
cut  off.    The  Scott  regulator  has  a  bullt<-in  flow** control  valve  that 
w£ll  ,automatica.Uy  open  at  a  cabin  alt.-^^^^de  of  12,000  to  14,000  feet 
to  let^  gaseous  oacygen  flow,  to  the  troop  outlets.    This  flow  of  ^oxygen 
will  go  on  until  the  cabin  altitude  drops  to  11,000  feet*    Look  at  the 
sketch  shoin»    A  ma&aual  on-'off  sw£tch  (top  right)  is  used' so  that  the 
Regulators  are  able  to  be  turned  on  at  any  altitude  down  to  sea  level. 
A  preaaure  operated  qn-«off  indicator  (center  right)  is  on  each 
regulator^  tell  you^ Aether  or  not  that  regulator  is  on.    The  test 
port  is  uaeo^  to  check  the  operation  of  the  indicator* 

■  ^  )  • 


Check  the  following  statesients  that  are  true*  4 

 ^1.     Scott  constant  flow  regulators  have  an  automatic  flow 

control  valve. 

I 

 1*     Only  one  (1)  regulator  Is  used  in  the  syStem, 


3. 


4. 


5. 


f 

The  Scott  regulator  can  be  manually  turned  on  at  any 
altitude. 

The  regulator  will  automatically  open  at  12,000  to  14,000 
feet  cabin  altitude. 

When  the  cabin  altitude  drops  to  11,000  feet  oscygen  will 
stop  flowing* 


Hi 
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Answers  to  Fnms  5; 


/  1. 


2. 


3. 


/   4.       /  5. 


Frams  6 


^1 


!•  troop  oxygem  pauel  (shgim  below)  la^  Joined  to  the  oxygen 
regulator  pane? •    Thla  ;anel  Uolds  two  (2)  75-llter  oxygen  quantity 
Indicators  (A) »  one  for  e.iCh  of  tho  liquid  oxygen  converters  that  are 
found  on  the  pallet,    f^rcn  this  part  on  we  are  going  to  refer  to 
liquid  oxygen  as  LOX.    There  Is  a  **PUSyro-TE8T''  button  (B)  that  is 
found  below  each  Indicator.    This  button  la  used  to  check  the  opera-* 
tlon  of  that  Indicator.    In  each  of  , the  quantity  Jjidlcators  there 
Is  A  ndcroswlitdi.    This  switch  l«i  used  to  turn  on  the  LOZ  quantity 
low  light  (C)  *3rtxen  the  system  quantity; drops  to  7.5  liters.  This 
light  tells  the  crew  that^  they  are  low  on  oxygen,    there  Is  also  a 
pressure  switch  found  In  the  systen.  c  This  switch  turns  the  "Oxygen 
On"  light  (D)  0:1  when  the  systea.  is  filled  with  gMsous  oa^gen. 
When  the  oxygen  regulators  are  open  and  a  s\4>ply  of  oxygen  is 
placed  in  the^ysti^m»  pressure  builda  xtp  on  the  aaargency  horn 
aneroid  whicttr^in  tum»  sets  off  the  einei^gency  horn  thar  is  in  the 
cargo  part  of  the  aircraft.    This  warning  horn  is  also  turned  on  when- 
ever the  quantity  of  the  U)X  drops  below  7.5  liters.  "^There  is  also 
a  '*Hom  Shut-Cff"  button  (E)  that  is  located  on  the  oxygen  panel. 
This  button  is  ui^ed  to  manually  shut  of^  the  horn.    The  "Oxygen 
-Lights  and  Horn"  test  switch  (F)  is  used  to  check  the  operation  of 
the  horn  and  oxygen  lights.    Thr  "Bright  and  Dim"  toggle  ^tch  (6) 
on  the  oxygen  panel  is  used  to  manually  dim  or  brighten  the  oxygen 
lighta.  ,       

 A-  


Check  the  f oUcaiwing  statements  that  are  true. 

 ^1«     The  croop  oxygen  panel  is  used  to  monitor  the  supply  system. 

 ^2.     When  the  supply  drops  below  7.5  liters,  the  LOX  QTY  LOW 

light  comes  on. 

 ^3*     The  troop  oxygen  panel  is  connected  to  the  oxygen  regtilator 

panel. 

A.     A  warning  horn  uounds  when  the  converterr  are  empty. 
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A^wars  to  Fr«a>  6:       ^   1.       *^    2.   /__3. 


4. 


?r«ae  7 


J 


Joiiwd  with  tht  troop  oxygen  syiteatthtre  is  a  therapeutic 
oxygan  ^yatam.    Thla  ayataai  £a  to  ba  uaad  for  patients  that  tD^jst  have 
special  care.    It  is  made  up  of  seven  (7)  oxygen  regulatoyc.  These 
regulatow  are  found  in  tiro  therap^vtic  boxes,  which  ate  on  the  right 
side  of  the  cargo  conpartoent.    See  the  sketch  ^low.    Biese  regula- 
tors are  adjusted  by  hand  to  get  the  right  amount  of  flow.    There  is 
a  ?hut-off  valve *oo  the  oxyg«  regulator  panel.    This  valve  is  used 
to  shut  off  the  system  wheat  It  is  not  in  use.    There  are  three  (3) 
rechkrger  Koees  that  are  used  to  fill  .the  portable  bottles  in  case 
wre  than  seven  <7)  people  need  therapeutic  care* 


THEIAPEUttC  OXTCEN 
STSTIM 


Check  the  following  stateiaents  that  are  true. 

 1.     xhe  therapeutic  oxygen  system  contains  seven  (7)  hand-adjustable 

regulators. 

The  therapeutic  system  haiT  seven  recharger  outlets. 


3.  This  system,  contains  a  shut-off  valve  on  the  oxygen  regula- 
^  tor  psnel. 

4,  Ths  seven  (7)  oxygen  regulators  are  installed  A  two  therapeutic 


oxygen  boxes. 


Aumra  to  Frame  7: 


i   1>   1. 


/   3.       /  4, 


Fr«xna  8 


The  distribution  UnM  ate  found  on  each  aide  and  on  the  center 
top  of  tba  cargo  coapartaent.    These  lines  have  8elf-»seallng  oxygen 

ik  outlets.    These  outlets  have  valves  which  will  detemlne  the 
amount  of  ox>»m  that  will  flow  to  the  nask.  ^  ^ 


JBasl 
(aaa 


1*  Oxygen  aask  out 1st 

2«  Oxygm  ragolator  psnel 
Troop  oxygsn  psnsl 

4.  Manifold  assei^ly 
4A«  PurgiAg  locations 

5.  Thsra^utie  oxygmi  box 

6.  Oxygan  converters 


4A   '     Troop  Oxygon  S/sfom  Compononf » 


4. 


Check  the  following  statements  thst  are  true. 

1*     The  oxygen  masjc  outlets  are  Inst^Hed  in  the  distribution 

 1. 

3. 


The  oxygen  oiask  outlets  are  self-sealing. 

The  oxygen  mask  outlets  are  not  Installed  in  the  cargo 
compartment* 

The  metering  valves  determine  the  quantity  of  oxygen  at 
the  rjtfk. 
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AxmvTB  to  Fram«  8:' 


/  1. 


3. 


/  4. 


Fjrant  9 


The^  troop  oxyg«n  idmIui  are  made  of  xflexlble  plastic ThfV  ere 
cone-eheped  units  end  have  a  heeds trap*  The  oxygen  lb  supplied  to 
the  mask  by  a  plastic  hose  vhlch  Is  Joined  to  the  oxygen  maik  outlet. 
(See  the  sketch  beloir*)  Care  should  be  used  to  be  oure  thet  all  of 
the  marks  that  are  plugged  in  are  In  use*  Since  this  Is  a  constant 
flow  systeai»  eoy  mask  that  Is  plugged  In  and  ±d  npt  being  used  vlU 
drain  the*  supply  of  oxygen  and  could  cause  a  fire  hazard  by  f UJJLng 
the  cosvsrtment'wltfa  pure  oxygen. 


Check  the  f olloiring  statsupc^ts  that  are  true. 

1»     The  troop  oxygen  aesks  are*  cone«-saaped» 
 Oxygen  Is^^plled  to  tl  i  mask  by  way  of  aluminum  tubing. 

3»     The  tissks  are  made  of  plastic* 

4*    ^All  masks  which  are  plugged  in  should  be  in  use.  ^ 

1^ 
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AnmmxB  to  Frame  9:       /   I.   ^2.       ^    3.   ]/_A. 

Frama  10 

Ra^ta  the  Jollovlag  six  oxygen  ayatem  convonents  to  the  statement 
that  beat  deccrlbea  their  operation  In  the  ayatem.    Place  Its  letter 
In  the  blank  provided. 


a. 

Beet  Exchanger. 

b. 

On-Off  Indicator 

c* 

Mlcroavitch 

d. 

Oxygen  Reguletora 

e> 

Converter 

f. 

Flov  Control  Valve 

1*     Mounted  oh  each  oxygen  regulator  panel  and  ere  used  to  warm 
jjf  the  gaaeoua  oi^gen  by  absorbing  heet  from  the  atmoapherlc 
air. 

2.  Built  Into  the  Scott  oxygen  regulator  and  will  let  gaseous 
oxygen  flov  to  the  troop  outlets  at  a  cabin  altitude  of 
12t000  to  14»000  feet. 

3.  Mounted  Inelde  the  quantity  Indicators  on  the  troop  oxygen 
panel  end  will  turn  on  the  LOX  quantity  low  light  iihen  the 
syate^  quantity  drops  to  7.5  lltera. 

Found  lu  the  therapeutic  oxygen  ayatem  ai\d  are  adjusted  by 
hand  to  f^t^Jbhe  right  airibunt  of  oxygen  flov  to  patients 
who  require- special  care* 

5.  Uses  the  principle  of  e  vacuum  bottle  to  store  the  liquid 
oxygen  used  In  the  troop  syatem. 

6.  Found  on  the  oxygen  regulator  end  I3  pressure  opereted  to 
tell  you  whether  or  not  t^e  regulator  Is  on. 


Answers  to  Frame  10:    1.  a    2.  £   3.  c    4.  d    5.  e    6.  b 

IF  YOU  HAVE  Mf  SSED  JUST  ONE  ITEM  GO  BACK  AND  REVIEW  THIS  COMPLETE 
PROGRAMMED  TEXT. 
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^  ...  ^ 

FOREWORD 


This  progrannted  text  was  prepared  for  ueef  in  the  3ABR42331  Alrcr^t 
EljQvlroumental  Systeos  Mechanics  Course. .  The  mateiclals  contained  herein 
were  y|illdated  using  students  from  thA  subject  course.    At  least/ 90Z 
of  the  studeftts  taking,  this  text  achieved  or  surpassed  the  criteria 
established  In  the  lesson  objectives.    The  average  time  for  completion 
of  tnls  text  Was  55  minutes. 

OBJECTIVES  ^ 

After  completing  this  progranmed  teltt,  you  will  be  able  to:  * 

1.     Select  without  errot,  safety  precautions  relative  to  the 
explosive,  fire,  and  temperature  hazards  Involved  in  the  storage, 
handling,  and  iise  of  liquid  oxygen. 

i  m 

INSTRUCTIC^ 

This  programmed  text  presents  material  in  small  steps  called  "frames 
After  each  frame  you  will  find  a  number  of  statements  and  ^ou  are  asked 
to  select  the  statement (s)^ that  are  true.    Read  the  material  in  each 
frame  before  making  a  selection.    The  answers  to  each  frame  can  be  fowd 
at  the  top  of  the  next  pag%>    If  you^ select  the  correct  answers,  con- 
tinue to  the  next  frame.    If  you  a^e  wrong  or  in  doubt,  read  the 
materia^  again  and  correct  yourself  before  continuing. 


Supersedes  3ABR42331-PT-402,  18  September  1972. 
OPR:    3370  TTG 
DISTRIBUTION:  X 

3370  TTGTC  -  400;  TTVSR  -  If 
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■  Us 


Frame  \       J  .         .  ^-s^ 

VOiile  the  1*/  prt. sure" and  high  pretsu're  gaseous  systems  are  still 
being  used  on  Air  Force  aircraft,  these  systems  are  gradually  He-fn- 
changejd  to  the  LOX  system.    Siqce  ^r.flight  refueling  was  introducea, 
an  aircraft  can  fly  for  long  perioAi  of  time.    The  pilot  and  crew  need 
large  amounts  of  oxygen.    The  low  pressure  gaseous i cylinders  are  light 
but  take  up  a  lot  of  space.    The  his^^  Pressure  cylinders  take  up  less 
space  but  are  heavier.    The  best  choice  was  to  use  the  LOX  syatem, 
wMrch  saves  space  and  weight.   ^The  average  weight  and  space  reduction 
ffcr  all  aircraft  is  #4Z  (see  illustration).- 


TYPfCAl  CONV<tS»ON 


UQUIO  CONVIiTft 


11.22? 


Check  the  following  statement(s)  that  are  true.  ^  ^ 

 1.      Liquid  oxygen  saves  both  space  and  weight.     ^  ^ 

\      ^2.      Because  of  inflight  refueling  no  oxygen  is  needed- 
^       3,     Hign-pressure  cylinders  will  save  space  but  increase  weight.. 
4.'     Average  space  and  weight  reduction  usifig  liquid  oxygen  is  747., 
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./  1. 


/ 


2..-     /   3.       /  4. 


373! 

Answers  to  Frame  1: 
Frame  2 


Shwn  below  is  an  example  of  space  ifiadw^ight  re^iuction  on  a 
fighter  aircraft,    Orti^  five  ;iter  LOJfcolWBKer  will  replace  and  give 
as  much  oxy^^n  as  six  high  pt^ssure  oxygen  cylinder. 


'-Liter 

Converter 

i^o  Response  Required 


mo 

Answers  to  frame  3: 
Frame  4  - 


/  1. 


/   2.       /  J. 


4. 


5. 


As  we  said  earlier,  LOX  is  made  by  the  cot&pre^sion  and  expansion^ 
of  air.    The  temp<*rature  of  Che  air  when  it  liquifies  is  between  -WT'F 
,    and  -361'F.    When  the  temperature  of  the  LOX  U  dropped  below  -361''F, 
/     it  becomes  a  solid,  and  when  the  temperature  <s  raised  above  -297°^ 
/       the  LOX  will  start  to  "boll  off"  and  change  into  a  gas  (see -illustration) 
'        The  boiling  point  of  LOX  is  -297"^.    The  most  important  thing  about  LOX 
is  its  expansion  capability  when  it  changes  from  a  liquid  to  a  gas. /  One 
liter  (a  iitcle  more  than  a  quart)  of  LOX  will  expand  to  860  liters  of _ 
r    70''f  gaseous  oxygen.    You  can  see  the  advantages  here  for  aircraft  use. 
The  illustration  below  shews  the  difference  between  th^  boiling  and 
freezing  point  of  water  and  oxygen.  - 


J  • 


WATER  (PART  "A") 


OXYGENf(PART  "B 


^  % 
GASEOUS 

ROIltNC  fOiNT 

OASEOUS 

GASEOUS 

BOILING  ^OINT 
297'  BELOW 

IW  ABOVE 
ZEUO 

ZERO 

LtQUtO  ' 

LIQUtD 

\tQUlO 

LIQUID  . 
OXYGEN 

(-297°  P) 

FREEZING 
POINT  32* 
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POINT  361° 

\ 

! 
/ 

ABOVE  ZERO 

SOLID 

SOLID 
OJtYGEN 

BELOW  ZERO 

j 

soul/ 

ICE 

132*  H 

• 

Check  the  following  statement (s)  that  are  true. 

 1.   ^  The  boiling  point  of  liquid  oxygen  Is  -297^.  ^ 

_j  2,      One  liter  Is  slightly  more  than  one  quart. 

 ^3.      Liquid  oxygen  will  not  expand  very  much. 

 .4.      At  -3W.*r  liquid  oxygen  will  become  a  solid,  , 

.  5.      The  expansion  ratio  of  liquid  oxygen  Is  860  to  1. 

^6.      At  a  temper acure\ above  -297*F  the  llq^d  becomes  a  gas. 

dioxygen  Is  Its 


7.      Tlie  most  Important  thing  about  llquld/oxygen 
expansion  capability. 
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Prame  3 


From  the  previous  lesson  you  know. that  oxygen  is^  4  gas  \hat  can  be 
changed  to  a  liquiJ.    The  first  LOX  was  obtained  by  Sir  James  Dewar 
<a  Scottish  sciejajtist)  in  188^  and  wal  recently'adopted  for  use  in 
aircraft,    LOX  is  made  by*  taking  all  the  carbon  dioxide,  water,  and  - 
othfcr  impurities  from  the  air.    The  piire  air  is  then  compressed  and 
the  heat  given  off  by  the  compression  is  taken  out  throiigh  sev^^ral* 
stages/  The  highly  coiapressed  cold  air  is  then  brought  through  a  coil 
that  is- submerged  in  a  cooling  agent  for  more  cooling.    TJie  ^r  is  then 
passed  through  ^  expansion  valve  that  will  drop  the  pressure  from 
3000  psi       75  psi  and  the  air  will  turn  into  a  liquid  (see  illustration 
frelow),  ' 


SUitOgNOINGAIl 


COMPICSSOIS 


EXCHANGII 


teCTIFlCATION 
COLUMN 


v.heck  the  following  statements  that  are  true. 

 1.      Befote  being  liquified  the  carbon  dioxide,  water,  and  other 

impurities  must  be  removed  from  the  air, 


2.      Oxygen  in  its  norma^  state  is  a  gas. 


3.  Liquid  oxygen  is  obtained  by  the  compression  and  expansion 
of  air. 

4.  Liquid  oxygen  has  been  used  in  aircraft  since  1886. 


^5.      HiRhlv,  compressed  hot  air  is  brought  through  a  coil  that  is 
submerged  in  a  cooling  agent. 


5 


Answers  to  Frame  A: 


Frame  5 


/   2.   3.      ./    4.    ■  /  5. 

T~7. 


vWe  said  gaseous  cjcjrgen  was  colorless,  odorle^  and  tasteless . 
Oxygen  In  a  liquid  state  Has  a  pale  blue  color  when  exposed  to  the 
atmosphere.    In  other  words  if  you  drained  some  out  of  the  storage  tank 
into  a  bucket  it  would  be  a  pale  blue  color.    When^LOX  is  exposed  to 
the  atncaphere  it  will  evaporate  very  fast,  and  if  it  is  spilled  on  the 
ground  or  floor  it  will  form  ii-to  small  "balls"  like  water  on  a  waxed 
surface.    Be  sure  not  to  step  on  these  balls  of  liquid.    If  any  oil 
or  grease  is  mixed  with  the  liquid  the  shock  may  cause  an  explosion. 

Check  the  following  statements  that  are  true. 

1.     Liquid  oxygen  is  pale  blue  in  color  when  exposed  to  the 
atmosphere. 

« 

 2.     At  atmospheric  teii5)erature  liquid  oxygen  c  -aporates  very 

rapidly. 

 ^3.     When  spilled,  Uquid  oj^gfc  boils  off  slowly. 

 ^4.      14q\iid  oxygen  fyJtS  into  small  balls  like  water  on  a  waxed 

^  surface. 

Jter  on  spilled  liquid  oxygen  an  explosion  may  occur- 
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Answers  Co  '  raae  5; 
Frame  6 


i. 


/  2. 


3. 


/A.       /  5. 


Oxygen  can  be  kept  In  a  liquid  state  at  atmospheric  pressure  by 
keeping  its '-temperature  at  or  below  -297^F«    There  are  special  containers 
that  have  been  made  to  store  the  UOX  (see  illustration  below).    In  these 
containers  the  oxygen  will  be  able  to  stay  in. a  liquid  state  without 
applying  any  pressSre.    By  increasing  the  pressure  on  the  LOX  it  can  be 
kept  at  hl^er  temperatures  until  its  critical  temperature  is  reached.  The 
critical  temperature  of  LOX  is  -^ISZ^F  an'd  no  matter  how  much  more  pressure 
is  placed  on  it,  oxygen  will  not  stay  In  a  i;Lquid  state  above  this 
temperature.    The  storage  cpntalners  have  vehts.to  the^tmosphere  because 
when  there  is  no  pressure  appllev.  to  the  LOX,  a  certain  amount  of  tl^e 
liquid  is  going  to  boil  off.   J^o  try  to  hold  in  the  expanding  gas  is  not 
too  practical. 


MODEL  LOX  500-1 


A  PRESSURIZED  LIQUID  HOLDER 
FOR  GAS  USERS 


Checic  the  following  staieMSAia  that  ate  true. 

 1,     By  q>p lying  pressure  tu  liquid  oxygen,  it  can  be  kept  at  a  highir 

temp.^tature. 

 2.     Pressure  will  not  hav*  any  effect  on  the  oxygen  boil  off. 

 ^3,     When  liquid  oxygen  is  stored  without  being  under  pressure,  the 

containers  imist  be  vented. 

^  ^4.     The  critical  temperature  of  liquid  oxygen  is  -182*F. 

5.     Using  special  containers,  oxygen  cm  be  kept  in  a  liquid  state 
without  applying  pressure. 

8 


^24 


T 


Answers  to  Frame  6:       /    1,   1.   /    3.       /   4.       /  5. 


Frame  7 

There  axh  two  LOX  containers  you  will  be  most  concerned  with.  They 
are  the  ones  used  to  store  LOX  on  an  aircraft  and  the  cart  that  Is  used 
to  service  the  aircraft  with  LOX.    The  sketch  that  Is  shown  below  Is  a 
typical  cdtitainer  that  Is  used  on  the  aircraf^t.    The  container  by 
Itself  Is  called  a  LOX  converter  i^dometlmes  It  is  referred  to  as  a 
Dewar  Flask),  and  with  the  valves  and  other  parts  put  on  It,  It  Is 
called  a  converter  assembly w    The  converter  Is  made  like  a  thermos  bottle, 
you  could  say  Its  a  tauk  within  a  tank*    The  liquid  Is  stored  In  the 
Inner  tank  and  a  vacuum  between  the  two  walls  will  prevent  a  rapid 
boll  off  until  the  liquid  has  had  a  chance  to  cool  the  metal  down  to  Its 
own  temperature.    There  are  various  size  LOX  converters  that  are 
av/  labia,  and  they  are  all  measured  in  ^ters« 


llquW  Oxygen  Converfer 

Check  the  following  8tatement(s)  that  are  true. 

 ^1.      The  r^ntainer  used  on  an  aircraft  to  store  liquid  oxygen 

is  called  a  converter.  * 

2,  *  The  converter  does  not  require  any  insulation  from  outside 
^  heat. 

3.  A  converter  is  dodble  walled  and  vacuum  insulated. 
 ^4.  Converter  capacity  is  measured  in  liters. 


Axxswers  to  Frame  7t 
Frame  8 


/  1. 


2. 


/    3.       /  4, 


As  we  have  said  before,  the  LOX  converter  Is  a 
insulated  container.  The  capacity  of  a  converter  is 
The  size  and  number  of  converters  that  are  required 
determined  by  the  number  of  personnel  who  will  need 
of  mission  that  the  aircraft  is  on.  LOX  converters 
way  that  they  will  allow  a  "head  space"  for  the  gas 
converter  is  full  of  LOX  (p-^e  the  sketch  shown),  mk 
the  LOX  flowB  overboard  through  the  vent  line.  Once 
full  the  gas  on  top  is  u«^d  to  force  the  LOX  out  of 
turns  into  a  gas  and  flows  to  the  regulators  for  use 


double-walled  vacuum 
measured  in  liters, 
on  an  aircraft  is 
oxygen,  and  the  type 
are  made  in  such  a 
to  form  once  the 
convex 'er  is  full  when 

the  con>*rter  is 
the  bottom  ^here  it 


f\Ulk  VAlVf 


Check  the  following  stateci;nc(s)  that  are  true. 

1.      Converters  are  designed  to  be  filled  completely. 


2. 


J. 
4. 


5. 


The  size  and  aumber  of  converters  used  on  a  particular  air- 
craft is  determined  by  the  number  of  personnel  who  require 
oxygen  and  the  aircraft  mission. 

A  converter  is  full  when  liquid  oxygen^.flows  overboard. 

The  gas  on  top  of  the  converter  is  used  to  force  the  liquid 
out  the  bottom, 

A  head  space  for  gas  remains  on  the  top  of  the  converter 
when  it  is  full. 

10  lec 


Answers  to  Frame  8: 


1. 


/   2.       /   3."      /   4.       /  5. 


Fraae  9 


Other  than  the  alrcraftW)X  converter,  you  will  be  concerned  with  the 
MAr-l  LOX  storage  cart  or  tralJ^r  Csee  the  picture  below).    This  cart, 
which  has  four  wheels  and  a  50-\allon  LOX  storage  tank  mounted  to  It, 
la  used  to  seri^lce  the  aircraft  oOX  converter*    This  cart  Is  only  one 
of  the  units  U8#d  to  service  the  nrcraf t  with  LOX. 


Type  MiA^i  LM^id  Oxygen 
Rechoroer  Trailer 


Check  the  following  statement (s)  that  are  true. 


1. 


^2. 
3. 


The  MArl  storage  cart  Is  used  to  service  the  aircraft 
converter. 

The  MArl  cart  has  a  capacity  of  50  gallons. 

The  capacity  of  the  MA-1  servicing  cart  la  measured  In 
liters. 
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/  1, 


/  2, 


Answers  to  Fraae  9: 


Frame  10 


The  safety  precautions  you  learned  and  used  on  gaseous  oxygen  will 
also  apply  to  LOX.    However^  the  expansion  ratio,  which  Is  860  to  1, 
and  the  temperature  of  the  LOX  (-297^F)  Is  such  that  mor«  precautions  must 
be  used.    Anything  that  LOX  comes  In  contact  with  will  freeze  Immediately, 
this  Includes  your  skin.    Look  at  the  airman  In  this  sketch  that  Is 
servicing  a  LOX  converter  with  the  MA-1  servicing  cart.    He  Is  In  for  big 
trouble t  because  lines  and  fittings  are  very  cold  when  LOX  Is  flowing 
through  them.    It  Is  very  In^ortsnt  that  you  don't  touch  the  servicing 
hose  or  the  fittings  with  your  bare  hands.    Protective  clothing  should 
be  Wjom  at  all  times  while  handling  LGX. 


Check  the  following  statement (s)  that  are  true. 

 ^l.     Anything  that  liquid  oxygen  touches  becomes  frozen. 

2.  Liquid  oxygen  will  not  harm  your  skin. 

3.  'Protective  gloves  should  be  warn  when  handling  tubing  that 

has  liquid  oxygen  flowing  through  It.  ^ 

4.  Because  liquid  oxygen  lu  extremely  cold  mcrhrvafety  precautions 
are  required  than  with  gaseous  oxygen. 


D9  not  hondl*  tub«s  or  fittings  corrying  li^id  oxygm  with 
bort  hoods.  ^ 
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Answers  to  Fraas  10.: 


FrsM  11 


✓  1. 


2. 


/    3.       /  4. 


The  airm^ ^  In  this  picture  Is  wearing  the  right  protective  clothing. 
The  protective  clothing  that  you  vUl  need  are  a  plastic  face  shield, 
neoprene  (rubber)  aproia,  and  «  peir  of  nonsbsorbant  gloves.    These  Items 
should  be  worn  saytL^  you  use  LOX  or  there  Is  a  'chance  that  you  might 
have  some  LOX  spilled  on  you. 


J 


Check  the  follovlng  statement (s)  that  are  true. 

 ^1.  .    Gloves t  apron »  and  face  shield  should  be  worn  when  transferring 

liquid  oxygen. 

 ^2,     Oxygen  converters  normally  should  be  empty  when  removed. 

> 

 ^3.     No  special  clothlug  Is  required  when  handling  liquid  oxygen. 
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Anivers  to  Frame  11: 


/I.       /  2. 


3. 


Btcause  of  the  characteristics  of  LOX,  It  should  not  be  confined. 
A  imall  amount  of  LOX  will  boll  off  all  the  time  and  form  a  gas.  If 
thevRO  l0  confined,  a  pressure  will  build  up  and  cause  an  exploslo 
If  you  should  spill  some  LOX  on  your  skin,  a  severe  bum  or  frostbl* 
will  occur.    If  this  happens  wash  the  skin  with  water  and  see  a  doctor 
as  soon  as  possible.    The  oxygen  area  should  be  kept  clean  at  all 
times  and  smoking  Is  not  allowed  In  this  area  at  any  time.    Note  the 
airmen  In  this  sketch  are  breaking  Tall  of  theae  safety  rules. 


GOOD.  ^  

T90<-9S74(a  '    uQum ox>w  HAN0UN6  nmcAunom 


Cheik  the  following  statement(8)  that  are  true. 

 1,     Liquid  oxygen  should  not  be  confined  In  a  contaiiaer. 

 ^2.     No  smoking  is  allowed  in  an  oxygen  area. 


3.  If  liquid  oxygen  spill 
see  a  doctor  Innedla^ 

4.  The  oxygen  area 


skln^  flush  with  water  and 
be  kept  clean  at  all  times. 


AawtiM  to  Frasaa  12:       /    !•       /    2,       /    3>       /  4. 


FtaaB  13  ^ 

If  LOX  is  spilled  an  your  clothing  you  should  take  it  off  as  soon 
as  possible.    About  30  minuces  should  be  allowed  for  the  oxygen  to  « 
evapqrate  from  the  naterial.    A  serious  fire  hazard  will  exist  as  long 
as  your  clothing  is  saturated  with  oxygen.    All  petroleuT&  base  products 
should  be  kept  away  frcn  o%gen.    An  explosion        occur  if  LOX  and 
Iteas  such  as  oil  or  grease  are  mixed  and  subjected  to  pressure*    It  is 
wis€'.  to  keep  petrolaum  products  at  least  50  feet  away  from  oxygen.  If 
LOX  is  spilled  on  your  skin,  ±c  should  be  washed  off  with  water 
larmediately.    This  will  reduce  the  chance  of  frostbite  and  a  possible 
fire  hazard. 


If  liquid  pKyfMi  if  tpllM  Ml  cMtiiifi^  bru«h  off  iiwurflofly, 
riwoy  dolliifiQf  ond  dry  for  o^prwiiMttiy  30  nilfi«t«$« 


Kwp  all  pttroiMm  produc^i  (oH/grMS^,  futi,  ttc)  ow?y  from 
oxyQtn  tquipmtnt. 

Mokt  nirt  that  body,  clothing,  and  prottctivt  tqutpmont  ort 
citon  ond  froo  ol  potrotttim  products  (hair  oil  is  o  potroievip 
product)  boforo  porforming  mointtnonco  on  oxygon  systoffl. 


Check  the  following  statement(s)  that  are  true. 

 1.  '    Oil  and  grease  should  be  kept  at  least  50  feet  away  from  oxygen. 

 2.      It  takes  about  30  minutes  for  oxygen  to  evaporate  from  your 

clothing. 

3.     Oxygen  And  petroleum  products  mixed  can  cause  an  explosion. 

 4.      Liquid  oxygen  is  removed  from  the  skin  with  vcter. 

 5.      Frostbite  can  occur  if  liquid  oxygen  is  spilled  on  your  skin. 

15 
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Answers  to  Frame  13: 
Frame  14 


/I.       /  2, 


It  is  not  the  desire  or  Intent  that  these  precautions  should  scare 
but  the  handling  of  LOX  can  be  dangerous.    We  think  qf  an  automobile 
as  a  useful  and  pleasurable  necessity^  but  we  also  know  It  can  be  very 
dangerouc  when  handled  iauFroperly.    The  same  is  true  of  LOX,     '^OW  WHAT 
YOU  ABE  DOING  AND  DO  IT  RlCTT. 
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fOBSWOED  ( 

This  pxognmmd  tut  vu  pr«pax«d  for  uat  in  the  3ABB!|2331  Instructional 
0yst«m«   Zbt  oattrlal  oontalnad  herein  has  been  Talldated  using  38  U2010 
students  enrolled  In  'aie.3ASBU2331  oourse.    SLnety  percent  of  the  students 
taking  th4^  text  surpassed  the  criterion  called  for  in  the  approved  lesson 
objective.    !Ebe  jnrera^i  student  Icequired  U3  nlnutes  to  conplete  the  text, 

]  QBJBCTIV5 

Belate  four  of  five  basic  liquid  o^Tgen  system  ocntponents  to  their 
pu3^pose« 

'  INSTROCTIOSS 

As  70U  read  and  study  each  frame  in  this  prograsmed  text,  locate  in  the 
classrocoi  "Qie  particulaar^qonqponent  or  system  you  are  reading  about.  Each 
individual  part  and  a  complete  system  on  a  trainer  will  be  available  for  you 
to  see  and  inspect.   JLlsOf  after  each  fkame  you  will  find  a  nwber  of  state- 
ments and  you  are^  asked  to  select  the  true  stat«iient  or  statements  from  this 
list.    Bead  the  material  carefully  before  making  f  selection.    If  you  select 
the  correct  ansvers,  coni^lnua  to  the  next  frame.    If  you  are  wf^ong  or  in  doubt, 
read  the  material  again  and  correct  yourself  before  contlzxaing.    Ihe  answers 
to  the  statements  can  be  found  on  the  top  of  the  next  page. 

i 
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DISTRIBUTION:  X 

3370  1CHTG>TTGU-P  -  500;  TTVSA  -  1 


Fraae  1 


Shown  b«lov  la  a  basic  liquid  oxyg«n  ayatam.    It  conaiata  of  a  con^- 
verter  aaaanbly  (B)  vhich  iticludaa  avarything  Inaida  tha  daahad  linaa,  a 
fillar  valve  (H) ,  a  buildup  and  vant  valva  (F) ,  contanta  gaga  (E) >  oxygan 
regulator  (G),  and  tha  tubing  and  fittlnga  required  to  connect  these  com- 
ponenta  together.    Thia  baaic  ayatesi  hea  a ingle  function  valves  (valves 
that  have  only  one  purpose)*    In  other  ayattt&a  we  have  dual  function  or 
cofl^inatlon  valvea  that  aerve  more  than  one  purpdae*    All  of  these  com- 
ponent a  will  b9  diacusaed  one  at  a  time  in  thia  text  and  will  be  available 
in  the  claasroom  for  you  to  aee  and  inapect.    Review  the  acheaatic  shown 
and  identify  all  the  c(»ponenta« 


Aircraft  Liquid  Oxygen  System  (Single  Function  Valvaa). 
No  Raaponae  Required 
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Fra&e  2 

The  liquid  oxygen  converter  assembly  is  the  heart  of  the  liquid  oxygen 
syitem.    This  is  a  multi-function  unit  that  is  designed  to  receive  and 
store  the  liquid,  pressurize  the  liquid,  convert  the  liquid  to  a  gas  (or 
allows  it  to  be  converted),  and  supply  the  gas  at  a  constant  pressure  to  the 
oxygen  regulators.    Once  the  liquid  container  is  filled  and  the  aystem  is 
placed  in  operation,  the  conversion  from  liquid  to  gas  is  automatic  as  long 
as  the  gas  is  being  used  and  as  long  as  the  liquid  lasts. 


90  psi 
Relief 
Valve 


liiurei 


jitOpel 
ReUel 


[ounting 
[Bracket 


Xijqyid 
rOoOtain^l 


JCvaporator 
Coils 

Five  Liter  Converter  Aieeably. 

Check  the  following  stateaente  that  are  true. 

_1.    ,  The  converter  aeseiab^:*  store*,  pressurises  and  converts  the 
liquid  to  gas. 


2. 
^3. 


The  converter  assembly  is  the  heart  of  ehe  liquid  oxygen  system. 
The  converter  assembly  operates  automatically  once  its  filled 
and  the  systim  is  placed  in  operation. 


Annwers  to  Frame  2.    1.         /       .  3.  / 


The  largest  part  of  che  converter  assembly  Is  the  liquid  container. 
This  is  a  double  vailed,  vacuum  insulated  unit  oimiiar  to  the  common 
"Themos"  bottle*    It  is  also  known  as  a  "D<c^war"  flask  after  its  inventor. 
As  shovn  belou»  the  liquid  is  stored  in  the  inner  shell  and  a  vacuuia 
separates  it  from  the  outer  shell*  .The  outer  shell  has  a  rupture  disc 
thut  will  blo«7  out  to  prevent  an  explosion  if  the  inner  shell  develops 
a  leak*    The  rupture  disc  will  blow  at  30  psl.    Liquid  containers  vary 
in  size  from  "  to  75  liters  caps^ity* 


CONVUTI* 
ASSf  MllY 
25  lITItS 


CONTAINft 


Check  the  following  statemerts  ch^r.  tzyM. 

1.  The  container  1'  double  wall«<l  and  vacuum  ineulated. 

2.  The  rup*  »  e  dice  vrUl  blow  at  30  psi 

3.  Containers  rang^'J  in  size  from  5  to  75  liters  capacity. 

4.  Liquid  oxygen  is  stored  in  the  vacuum  area  of  the  container 

5.  Tae  largest  part  of  the  converter  assembly  is  the  liquid  container. 


5 

1:^7 


AntVMs  to  FraM  3.  1. 


2/ 


3. 


5. 


Fr«M  4 

the  p<.MSure  doting  valv«  acts  m  th%,  pr#8>vr#  rtgulator  for  the 
liquid  oxygen  systMi*    It  will  either  be  preset  at  70  pel  or  300  pel  de- 
pemling  upon  the.  type  of  system  jhe  aircraft  requires.    The  main  purpose 
of  the  high  pressure  (300  psl)  Is  to  alJov  2rev  members  to  till  walk- 
around  bottles  from  the  aircraft  system.    This  means  that  aircraft  like 
the  B-32  and  KC-13S  vofild  have  a  hlgh«-pressure  system. 


Presisure  Closing  Valve 

Check  the  following  statements  that  are  true* 

_1*.    The  pressure  closing  valve  acts  es^a  pressure  regulator. 
jt*      Fighter  aircraft  would  require  a  high-pressure  llqutd  oxygen 
system* 

^3*     The  pressure  closing  valve  Is  set  at  70  or  300  psl. 

^4.     The  main  reason  for  having  a  high-pressure  liquid  oxygen  Is  to 

fill  wdlk^arptmd  bottles* 
5.     Th  >  loiw-pressure  liquid  oxygen  system  operates  at  70  psl. 
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J  S7S'> 
Antvtrs  to  Frtat  4.  -1.     V      2.    3.    /       4.    ✓       5.  /  


Becaust  tha  prassurtt  closing  valv«  is  going  to  act       tha  pragaura 
ragulator  for  tha  ayatCi*»  Ita  prlaary  purpoaa  la  to  maintain  a  conatant 
haad  praasvira  on  top  of  tha  liquid  in  tha  storaga  contalnar*    Tha  haad 
praaaura~?gaa)  la  uaad  to  puah  tha  liquid  out  tha  bottom  of  tha  containar 
and  into  tha  avaporator  coil  ^ara  it  la  convartad  to  a  gaa.    Tha  ball  ova 
In  tha  praaaura  doaing  valv#  (aaa  llluatration)  will  aanaa  tha  haad  pras- 
aura  and  opan  tha  valva  if  praaaura  dropa  balov  tha  valva  aattlng  (70  or 
300  pal).    Whan  tha  valva  opana»  gaaaoua  oxygar.  la  tranafarrcd  from  tha 
avaporation  aida  of  tha  ayataa,  to  cha  build-»up  aida  «o  maintain  haad 
praaaura.    Tha  praaaura  doaing  valva  la  part  of  tha  convartar  aaaambly* 


Chack  tha  following  statamants  that  art  trua* 

^1.     Tha  praaaura  closing  valva  maintains  a  constant  haad  pressure. 
If.     Tha  praaaura  closing  valva  ia  part  of  the  converter  assembly. 
^3.     Tha  praaaura  cloalng  valve  acts  as  the  system  pressure  regulator. 
^4.     The  head  pressure  (gaa)  pushes  the  liquid  out  of  the  container. 
"S.     The  presluve  closing  valve  tranafers  liquid  oxygen  in  the  syrtem. 


\ 


7 


In  our  b««lc  o^gan  sydtM  v«  havi|  two  (2)  rtlltf  valvts.    On^  valvt 
Is  In  tbt  bttlld^w  ildt  of  thm  systa  and  r«ll«v«s  •xcassiva  h«ad  pr«ssur« 
frott  t*j  contaln«r«    This  valvs  Is  sst  to  opsn  at  90  psl  in  tha  70  psl 
syatMi  and  345  psl  In  tha  300  psl  aystas. 

Tha  aacond  rallaf  valva  la  In  tha  avaporatlon  alda  of  tha  aystam  (or 
diatrlbutiott  alda)  and  protacta  It  froM  ^axcaaalva  praaaura.    Thla  valva  la 
aat  to  cpan  at  110  pal  In  a  70  pal  ayatm  and  395  pal  In  tha  300  pal  ayatam. 

Both  of  tha  rallaf  valyaa  ara  acrawad  Into  tha  praaaura  cloalng  valva,  ona 
on  aach  slda.    Tha  rallaf  v  Waa  ara  alao  part  of  tha  convartar  aasaably. 


1530 

Chack  tha  folJovlng  atat^aants  that  ara  trua. 

1.  Tha  rallaf  valva  in  tha  build-up  alda  rallavaa  axcaaalve  haad 
praaaura. 

2.  Tha  110  pal  rallaf  valva  la  in  tha  bulH-up  aida. 

3.  Tha  ^allaf  valvaa  ara  acrawad  into  uha  praaaura  cloaing  valva. 

4.  Tha  evaporation  alda  containa  tha  110  pal  rallaf  valva. 

5.  Tha  345  and  395  p9i  ralicf  valvaa  ara  found  in  tha  300  pal  aystam. 


J 


Anmmf  to  FraM  6,    1.   /      2.    3.     /        4.      /        5.  / 


FraxM  7 

Th«  liquid  chACk  valv*  It  •tpaclally  daalgnad  to  oparmtt  In  a  liquid 
oxygan  systM.    Froai  Its  position  in  tha  syataa  It  vUl  accomplish  tvo  things: 

1.  It  saparatas  the  liquid   phasa  of  operation  from  tha  gasaous  phasa* 

2.  It  pi^avants  a  ravaraa  flov  of  gaaaous  oxygan  (from  tha  gataous  phase) 
back  through  tha  liquid  container.  During  normal  operation  of  the  sy8tem» 
the  liquid  check  valve  ailova  liquid  to  be  drawn  from  the  bottom  of  the 
container  Into  the  evaporation  colla  In  the  direction  of  the  arrow.  As 
preasura  in  tha  buUd-up  and  evaporation  aides  change  because  of  use  or 
liquid  boll«»off ,  the  check  valve  will  open  and  close  at  ^  psl  below  the 
container  head  preaaure.  Thla  createa  a  5  pal  differential  between  the 
gaseous  phaae  end  liquid  phJiae.    When  we  discuss  overall  system  operation. 


Check  the  following  statraents  that  are  true* 

1.  The  check  valve  separates  the  liq^'id  and  gaseous  phase  of  system 
operation. 

2.  The  liquid  check  valve  is  especially  designed  for  liquid  oxygen 
systems. 

3.  The  check  valve  opens  or  closes  at  5  psl  below  container  head 
preaaure. 

4.  When  the  check  valve  closes,  it  prevents  reverse  flow. 


7%0 

AD«v4ir8  to  Frame  7.    1,   /      2.    V        3.    /        4.  / 


FraM  8 

The  evaporating  coil  Is  made  of  aluminum  alloy  and  mounted  suzroundlng 
the  liquid  oxygen  container.    This  coll  presents  a  large  surface  area  which 
allows  the  liquid  oxygen  to  evaporate-^d  turn  into  a  gas.    Keep  In  mlndy 
though,  that  all  converters  do  not  have  such  a  coll.    When  converters  are 
used  In  large  elrcraft  where  the  tubing  runs  are  comparatively  long»  the 
evaporator  coU  Is  not  necessary.    The  long  tubing  runs  provide  the  nec- 
essary heat-^exchanglng  tubing  surface  area  for  evaporation  of  the  liquid 
'oxygen.    Mote  the  converter  essea^ly  shown  on  the  right  below  does  not  have 
an  evaporetlng  coll.    In  the  complete  oxygen  system,  the  regxilators  are 
connected  to  the*  other  end  of  the  evaporating  coll. 


1-533 


Check  the  following  statements  that  are  true.  | 

1.  The  liquid  changes  to  a  gas  In  the  evaporating  coll. 

2.  The  evaporation  coil  can  be  part  of  the  converter  assembly. 

3.  The  oxygen  regulator  is  part  of  the  converter  assembly. 

4.  The  evaporation  tubing  allows  the  gaseous  oxygen  to  heat  up. 


5.     In  large  aircraft,  an  evaporator  coil  is  not  always  necessary. 
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Anwers  to  Praae  8,    1.   /      2.   /      3,    '4,   /      5.  ^ 


Frame  9 

» 

The  filler  valve  (shown  btilow)  is  provided  for  the  purpose  of  filling 
.the  eyststt  with  liquid  oxygen.    The  filler  valve  is  basically  a  spring 
loaded  check  valve  adsembly  with  a  protective  (dust)  cap.    This  valve  is 
also  designed  for  a  quick-disconnect  coupling  with  the  recharging  hose 
nozsle.    When  the  dust  cap  is  removed  from  the  supply  inlet,  the  supply 
source  Xrecharglng  hose)  is  connected  by  pushing  the  npxzle  on  the  valve 
and  naklng  a  half- turn.    The  nozzle  on  the  servicing  hose  pushes  in  the 
stud  on  the  filler  valve  and  unseats  the  spring  loaded  check  valve  and 
liquid  flows  in.    When  the  servicing  hose  is  removed,  the  spring  reseats 
the  valve.    If  an  aircraft  has  mbre  than  one  converter,  each  converter 
will  have  its  own  filler  valve. 


Check  the  following  statttnents  that  are  true. 

1.  The  dust  cap  prevents  the  filler  valve  from  leaking. 

2.  One  filler  valve  is  needed  for  each  converter. 


3.  The  filler  valve  is  basically  a  springs  loaded  check  valve. 

4.  The  filler  valve  is  designed  for  a  quick-disconnect  vith 
the  servicing  hose  nozzle. 

5.  When  filling  the  system,  the  servicing  hoze  nozzle  reseats 
the  check  valve. 
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Ansmrs  to  Frame  9.  1. 


7. 


3.    /  '      4.  / 


5.  / 


Frame  10 


'^e  build-up  and  v«nt  valve  (shown  below)  Is  a  manually  operated,  two- 
way  rcary  valve.    When  the  handle  is  turned  to  the  "VENT**  position,  the  top 
of  the  converter  is  vented  to  the  atmosphere.    In  this  position,  the^Sas  port 
(from  the  top  of  the  converter)  is  now  open  to  the  vent  port  and  the  build-up 
port  is  closed.    When  the  handle  is  rotated  to  the  "BUILD-UP**  position,  the 
gas  port  is  open  to  the  build-up  port  and  the  overboard  vent  port  is  closed. 
As  with  the  filler  valve,  the  name  of  this  valve  states  its  purpose;  it  allows 
the  converter  head  pressiire  to  *'build-up**  or  be  **vented"  overboard. 


HANOI! 


VINT  PORT 


■  UILQ-UP  AND  VENT  VALVE 


A 


mm 


■4J 


SHOWN  IN 
VENT  POSITION 


OAS  PO»T 


t  - 


•UllO^UP  POIT 


Check  the  following  statements  that  are  true. 

1.  The  build^  and  v^nt  valve  is  a  manually  operated  valve. 

2.  In  "vent,"  the  system  will  not  contain  any  pressure. 

3.  In  **build-up,**  converter  head  pressure  is  trapped  and 


system  pressure  will  rise. 

12 
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AnwMS  to  FraM  10.    1.  #    /  2. 


3.  / 


Frame  11 

On  the  aircraft,  the  filler  valve  and  build-up  and  vent"  valve  are 
located  aide  by  side  as  shown  below.    Uhen  the  build-up  and  vent  valve  is 
In  "BOILI>-OT,"  the  control  handle  covers  the  filler  valve  dust  cap  and  it 
'ic/tnnot  be  removed.    This  iraures  that  tnlP servicing  hose  will  not' be  con- 
lected  with  pressure  In  the  systea.    When  servicing  the  converter,  the 
valve  ttuat  be  in  '*VENT*'  as  shown  on  the  right.    On  the  other  hand,  the 
valve  Bust  be  in  '^BUILD-UP"  for  the  pilot  to  receive  oxygen.    To  insure 
the  valve  Is  in  build-up  before  the  aircraft  takes-off ,  the/access  door 
(filler  well  door)  is  designed  so  it  cannot  be  closed  when  the  valve 
handle  is  in  "VENT." 


-mifl  VALVI 


WARNING 
UOUIO  OXYOIN  IS  OANGftOUS.  OISCIVC  ALL 
$Af€TY  MICAUriONS  WNlLf  ffLLrNG  SYSTlM. 


-iUHO  Ur  &  VINT  VAlVf 


CONTIOL 
HANDLf 


rtllfl  VAlVf 


•  -5J3 


Check  the  following  stateaents  that  are  true. 


^1.      In  order  to  connect  the  servicing  hose,  the  valve  must  be  in 
"VENT." 


1.     When  the  aircraft  is  flying,  the  valve  must  be  in  "VENT." 


3.     Whftn  the  valve  Is^  build-up^  the  filler  valve  dust  cap  cannot 
be  removed. 


^4.     With  the  valve  in  the  "vent"  poaition,  the  access  door  cannot 
be  closed. 


13 
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k 


I  to 


Ftoimi  11.     1.  ^ 


2. 


3. 


/     4.  / 


Frame  12  ,  ' 

T&e  tubing  (plumbing)  used  In  the  liquid  oxygen  system  Is  aluminum 
aUoy*    Also»  all  of  this  aluminum  tubing  will  be  No.  5  (5/16)  except  in 
the  following  t>laces:    1.    The  line  from  the  filler  valve  (H)  to  th^  liquid 
container  (A)  is  So.  6  (3/8).    This  is  the  filler  line  (see  below).  2. 
The  line  from  the  build-up  and  .vent  valve  (F)  to  the  overboard  drain  is 
No.  8  (1/2).    This  is  the  vetot  drain  line.>    3.    The  size  end  length  of 
the  evaporating  coil  tubing  (J)'  depends  upon  the  size  and  type  of  con- 
verter assei&ibly  (B)  that  is  being  used.  » 


CONTAIHIt  ^  ^^^'^  WOUlATOt 

:,VJir?t'S?/ miiV vAtv.  :  S StAT^NO  coa 

comims  olo.  ^  «  «^'^' 

iUllOU^  AND  yiNT  VAIVI  , 

Check  tht^following  statements  that  are  true. 

1.     The  filler  valve  is  connected  to  the  container  with  No.  6  tubing 
""2!     Aluminum  tubing  is  used  in  the  liquid  oxygen  system. 
"3.     The  vent  drain  line^is  No.  8  tubing.  ^ 
"4.     Most  of  the  liquid  oxygen  tubing  is  No.  5. 
■"5.     The  evaporating  coil  is  always  No.  5  tubing; 
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Answers  to  Fraas  12 «  .\» 


X 


3.  / 


A.  / 


5. 


•   »  *  "  FrsM  13 

Shown  belov  la  a  typical  convarter  a^isambly  Installation.  Th^a 
aasaably  has  the  aaaa  slngla  function  valvas  we  hava  baan  dlscuaalng.  Keep 
In  Qlnd  the  bulld«-up  and  vant  valve  and  filler  valve  ara  not  shown  because 
In  this  system  they  are  not  part  of  the  converter  assembly. 


Review  the  Illustration  above  and  recall  previously  taught  materi  ' 
to  write  In  the  components  described  In  each  statement. 

1.    This  valve  acts  as  the  system  pressure  regulator.   


2.  This  val^a  separates  the  liquid  and  gaseous  phase'  of  operation. 

3.  The  liquid  changes  to  a  gas  in  this  tubing.   ^ 


4.  This  relief  valve  protects  the  build-up  side  o^  f.he  system 

5.  This  unit  is  vacuum  insulated  and  holds  the  liquid.   


psi. 


6.    The  servicing  trailer  hose  is  connectad  to  this  valve. 


7*    This  valve  allows  system  pressure  to  build-up  or  be  vented  overboard. 


8.  This  relief  valve  protects  the  evaporation  side  of  the  system  ^ 

If 

9.  In  the  lllustratloa.  th.  prusure  closing  valv.  would  b«  s.t  at 

15 
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psi, 
  psi 


AntiTMs  to  Fr«M  13.    1.  Prtssjirt  closing  valvt.  5.  Liquid  contalntr. 

2.  Liquid  chftck  valv«.        6.  Fllltr  valvt. 

3.  Evaporation  coll«  7.  Balld«*up  &  vant  valva« 

4.  90  pal*  8.  110  pal 

9.  70  pal 


Fraaa  14 


Rafar  to  tha  llluatratlon  on  tha  naxt  paga  aa  you  raad  tha  matarlal 
in  thla  frama.    In  tht  Uluatraclont  wa  ahov  tha  flow  of  liquid  and  gaaaoua 
oxygan  with  bubblaa  and  a'laahaa  In  tha  llnaa  vhila  tha  ayatam  la  baing  fillad 
Bamanbar  tha  bulld-up  and  vant  valva  haa  to  ba  In  "vant"  to  ramova  tha  flllar 
valva  duat  cap.    Nota  that  with  tha  bulld-up  and  vant  valva  In  "vant,"  tha 
top  of  tha  liquid  contalnar  la  vantad  ovarboard.    Mota  alao  tha  praaaura 
doalng  valva^ia  "opan"  and  tha  ayatam  contalna  no  proaaura.    Whan  tha  ayatam 
la  In  "vant/'^^.tha  praaaura  doalng  valva  la  laolatad  from  tha  top  of  tha 
contalnar.    Tha  praaaura  loaa  cauaaa  tha  ballova'ln  tha  praaaura  cloalng 
valva  to  ai^and  aad^>pm  thm  valva.    Whan^  tha^  ir4H2harci^^r«llar  boaa  la 
connactad  to  tha  flllar  valva,  tha  oparator  allova  20  to  30  pal  haad  praa- 
aura  to  buUd-u^  on'  top  of  tha  liquid  In  tha  rachargln^  trallar .  Thla 
praaaura  forcaa  liquid  Into  tha  convartar  contalnar  from  tha  bottom.  Tha 
contalnar  la  full  whan  %  ataady  flow  of  liquid  comaa  out  tha  ovarboard  . 
vant. 

Chack  tha  following  atatamanta  that  ara  trua. 

 ^1.     Wh'an  tha  ayatam  la  in  "vant,"        top  of  tha  contalnar  la 

vantad  ovarboard. 

 2.     Tha  praaaura  cloalng  valva  will  opan  whan  praaaura  drops 

around  tha  ballowa.. 

 ^3.     Tha  convartar  contalnar  is  full  whan  liquid  comas  out  tha 

ovarboard  vant."^ 

 ^4.     Tha  syatMa.atill  contalna  70  pai  whan  placed  in  "vant." 

 ^5.     Praaaura  in  tha  racharglng  trallar  forcaa  liquid  into  tha 

convartar  container. 

 ^6.     Whan  placad  in^'vant,"  any  praaaura  in  tha  ays  tarn  is  vantad 

ovarboard. 


Answtra  to  Frame  14.    1,   /     2.   /     3.   /  4. 


5.    /      6.  / 


Frame  15 


No  Response  Required. 
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FraM  16 

Rtftr  to  the  illustration  on  th%  nmxt  paga  when  you  raad  the  material 
in  this  frasa.    Whan  tha  liquid  containar  ia  full»  tha  build-up  and  vant 
valva  la  ao  ad  back  to  tha  *1>uild"-up"  position  as  shown  in  tha  illustration. 
With  tha  ay^taa  doaad,  praaaura  will  now  atart  to  riaa*    If  you  racall,  va 
aaid  previously  that  tha  liquid  chack  va4.va  opana  to  let  liquid  into  tha 
evaporating  coil  and  cloaea  to  prevent  reverae  flow.    Also  remember  the 
preaaure  cloaiAg  valve  ia  open  until  ita  bellova  sanaes  a  70  pal  head  pres- 
sure (in  the  low  pressure  system)  on  top  of  the  liquid  in  the  container. 
Note  in  the  illuatration  that  the  precsure  closing  valvt  is  again  Connected 
to  the  top  of  the  container  through  th^  build-up  and  vent  valve*    Mow,  when 
the  liquid  changea  to  a  gaa  lu  the  evapbrating  coilp  it  goea  up  through  tha 
open  preaaure  cloaing  valve  and  bullda  up  head  preaaure  on  top  of  the  liquid* 
When  70  pal  ia  reached,  the  preaaure  cloaing  valve  cloaea  *    Whan  thla  happens, 
tjpie  liquid  left  in  the  evaporating  coil  ia  atill  changing  to  a  gaa  and 
Building  preaaure  in  thia  aide  of  the  ayaten.    This  preaaure  will  aoon  close 
the  liquid  check  valve  (5  pal  differential  la  required)  and  the  aystam  will 
i^tabillze.    As  gaseous  oxygen  ia  used  through  the  regulator »  a  preaaure 
drop  allova  the  liquid  check  valva  to  open  and  more  liquid  entara  the 
evapolrating  coil*    As  the  liquid  level  decreaaaa  in  the  container,  the 
haad  praaaute  decreaaaa  also.    This  will  cauae  the  pressure  closing  valve 
to  open  again  and  allow  the  evaporation  aide  to  build  up  head  pressure. 
Xhete  is  little  or  no  lag  in  maintaining  the  required  head  pressure;  and 
for  all  practical  purpoaas,  oxygen  is  delivered  to  the  regulator  at  a 
conatcnt  preaaure  of  70  or  300  pal'  depending  upon  the  pressure  closing 
valve  setting* 

Check  the  following  statements  that  ar«  true* 

 1,      The  bellows  in  the  pressure  closing  valve  senses  the  container 

head  pressure* 

 2.      In  a  70  pal  aystam,  the  preaaure  closing  valve  remains  open 

until  70  psi  is  reached. 

 ^3*      If  excessive  pressure  builds  up  in  the  evaporator  coils,  the 

90  psi  R.  V*  will  open* 

4.      The  liquid  check  valve  prevents  reverse  flow  between  the  gaseous 
and  liquid  phaafi  of  the  system* 

 ^5,     When  pressure  in  the^  evaporation  side  is  lower  than  the  head 

presaure  on  the  conta^ner^^  the  liquid  check  valva  will  open. 


18 


J 


ERiC 


Anamrt  to  Fwim  16.    !•   /   2,    /      3,    4,    /      3,  _/ 


FraM  17 


OASCOAOXYOCN 


LtQUtO  OXYGCN 


No  Response  Required 
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Fraaa  18 

IU.£«r  CO  ch«  llluttraticQ  on  th«  n«xc  p«8«  whan  you  raad  chis 
auic«rlAl.    In  chin  illuacraciou  w%  hav«  a  MparaCtt  build-up  coil  in  our 
bMic  oxygtn  systtm.    This  is  s  shore  coil  of  cubing  chmc  chmngss  che 
liquid  CO  s  gss  for  chs  sols  purposs  of  nuiincaining  s  hssd  prsssurs  on 
cop  of  chs  liquid  ifi  chs  concsinsr.    Noes  chat  chis  coil  of  Cubing  runs 
diriccly  from  chs  botcom  of  chs  concslnsr  Co  chs  boccom  of  chs  prsssure 
closing  vslvs.    Whsn  s  sspsrate  buildup  coll  is  ussd»  ths  tvsporscor 
:oil  no  longer  has  co  supply  gassous  oxygan  for  a  hsad  prsssurs  and. mors 
oxygsn  is  availabla       chs  oxygan  ragulacor  for  braaching.    This  addlcional 
circulc  In  no  way  af faces  chs  oparacion  of  cha  prsssurs  closing  valva.  The 
bellows  in  cop  of  che  pressurs  closing  valve  scill  sensss  chs  hsad  pressurs 
through  che  build-up  and  vane  valve*    If  the  head  pressurs  drops  below 
70  pel  (or  ^00  in  ths  high-prsssurs  systsa)»  ths  prsssurs  closing  valve 
bellows  and  expands  and  unseats  ths  valve.    The  buildup  coil  will  not 
rebuild  the  head  pressurs*    The  bulld**up  coil  is  usually  around  the  liquid 
container  and  becomes  part  of  the  converter  assembly* 

Check  the  f oll<>wlng  statements  th  :  are  true 

The  build-up  coil  provides  gaseous  oxygen  for  maintaining 
a  head  press'^re. 

The  build-up  coil  provides  gaseous  oxygan  for  the  oxygen 
regulator. 

The  build-up  coil  is  part  of  the  converter  assembly* 

When  a  build-up  coil  is  uaed»  th«.  evaporator  coils  supply 
gaseous  oxygen  fo    'ireathing  purposes  only* 

The  pressure  clos^g  valve  operates  the  same  way  when  a  i^uild- 
up  coil  is  used. 
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Anm^rs  to  Prtms  18.    1.     /     2.    1.     /     4.     /     5.  / 


Frama  19 


No  Response  Required 
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Fr«M  20 

IMSTBUCTIONS 

Identify  th«  unit*  in  the  oxyg«o  syst«ffl  by  Batching  the  letters 
with  the  unlt'e  nam  below.  -''^^^ 


OXVOCN 
•CO. 


A  ' 


1. 

liquid  container. 

7. 

oxygen  regulator. 

2. 

converter  aeeembly. 

8. 

oxygen  filler  valve. 

3. 

pressure  closing  valve. 

9. 

liquid  check  valve. 

4.   

  110  or  395  psi  relief  valve. 

10. 

evaporator  coils. 

5. 

contents  gage. 

11. 

90  or  3^  .i 

relief  valve. 

6. 

build-up  and  vsnt  valve. 
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Answers  to  FraiM  20 


1. 
2. 

3.   

4.  .  B 


G 


5. 
6. 
7. 
8. 


K 


9-  — JL 

10.  _F_ 

11.  D 


^>3 


Frame  21 


This  coiivletas  our  discussion  on  th«  basic  liquid  oxygen  system. 
If  you  have  any  questions  about  the  operation  or  components  in  this 
system,  let  your  instructor  know. 


Remember  Your  Liquid  Oxygen  Safety. 
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FOREWORD 


This  progrranad  text  vma  prepared  for  use  in  the  3ABR42331  Instructional 
systen*    The  aaterial  contained  herein  haa  been  validated  using  3U  students 
enrolled  in  the  3ABR42331  course*    Ninety  percent  of  the  students  taking 
this  text  surpassed  the  crl.erion  called  for  in  the  approved  lesson 
objective.    The  average  student  required  (58)  minutes  to  complete  the  text* 

OBJECTIVES 

After  completing  this  programmed  text»  you  will  be  able  to: 

'ts 

1.      Relate  four  (4)  of  five  (5)  advance  liquid  oxygen  system  components 
vlth  their  purpose* 

J 

:nstructions 

As  you  read  and  study  each  frame  in  this  programmed  text,  locate  the 
Individual  component  or  system  being  discussed  in  the  classroom  or  lab*  A 
better  understanding  of  the  system  will  result  if  you  look  at  and  inspect 
these  units  as  you  read  about  them.    Check  with  your  instructor  if  these 
components  are  not  available. 

/frer  each  frase  in  the  programmed  t»xt,  you  will  find  a  number  of 
statements  and  you  are  asked  to  select  the  true  statement  or  statements  from 
this  list.    Read  the  material  carefully  before  making  a  selection.    If  you 
select  the  correct  an8W|er(s)  continue  to  the  next  frame.    If  you  are  wrong 
or  in  doubt,  read  the  inaterial  again  and  correct  yourself  before  continuing. 
Check  with  your  instructor  if  you  have  any  problems. 


Supersedes  3ABR42231-PT-314B,  18  February  1970* 
OPR:    3370  TCHT3 
DISTRIBUTION:  X 

3370  TCHTG/r*GU-P  -  600;  TTVSA  -  1 
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Frame  1  « 


In  this  text  we  will  dlecuss  e  typical  liquid  oxygen  system  that  has 
diial  function  valves •    Shown  below  Is  a  converter  assembly  used  in  the  F*4 
fighter  aircraft.   There  are  several  converters  that  can  be  used  In  the 
F-4  and  two  of  these  will  be  discussed.    Since  you  are  already  familiar  with 
the  components  In  the  basic  o.tygen  system,  ve  will  be  concerned  only  with 
the  units  that  are  different  In  this  system  and  the  system  operation.  We 
will  be  concerned  mainly  with  the  flll>  bulld«-up»  and  vent  valve'  (1)>  and 
the  pressure  openlng-*pressure  closing  valve  which  Is  not  visible  In  the 
Illustration  below.    This  converter  assembly  Is  equipped  with  quick 
disconnects  to  allow  for  quick  Installation  and  removal.    Review  the 
components  shown  and  locate  the  actual  converter  assembly  In  the  classroom. 


1.  Fill,  Bulld-up,  and 
Vent  Valve. 

2.  Converter  Vent  Quick 
Disconnect* 

3*     Liquid  Contalrer. 

4.  Carrying  Handle.^ 

5.  Converter  Supply  Quick 
Disconnect* 

6.  Container  Relief  Valve. 

7.  Probe  Lead  Connectors. 


1F-4C  Liquid  Oxygen  , 
Converter  Assembly 


No  Response  Required. 


Answers  to  Frame  1:    No  Response  Required 


Fraae  2 

The  combination  fill,  build -*up,  and  vent  valve  is  shown  below.    Here  ve 
have  the  filler  valve  as  part  of  the  build*up  and  vent  valve  instead  of  two 
separate  valves.    As  shown  in  the  schematic  on  the  left,  the  normal  position 
of  this  vklve  is  in  build-up.    In  this  position,  the  gas  port  (from  the  cop  of 
the  container)  is  open  to  the  build-»up  port.    The  build-up  port  is  connected 
to  the  pressure  opening-pressure  closing  valve.    The  "fill  out"  port  on  the 
valve  is  connected  to  the  bottom  of  the  container.    Th^  ball  check  valve  in 
this  port  prevents  a  reverse  flow  of  liquid  out  through  the  valve.  A 
protective  dust  cap  attached  to  a  chain  is  used  on  the  filler  port  of  this 
valve  the  same  as  on  the  separate  filler  valve. 


Shown  in  Build- ip.  Filler,  Build-up,  and  Vent  Valve 

Select  the  following  statement (s)  that  is/are  true. 

1.  The  normal  position  of  the  fill,  build-up,  and  vent  valve  is 
"build-up." 

2.  The  ball  check  valve  in  the  "fill  out"  port  prevents  a  reverse  . 
flow  of  liquid  oxygen  out  of  the  valve. 

3.  The  fas  port  is  connected  to  the  bottom  of  the  container. 

4.  A  duit  cap  is  used  on  the  filler  port  of  the  combination  fill, 
builJ-up,  and  vent  valve. 


I  on 


Answers  to  Frame  2:  1. 


2. 


3. 


4. 


Frame  3 

When  the  filler  nozzle  from  the  liquid  oxygen  servicing  trailer  is 
connected  to  the  fill,  build*-up,  and  vent  valve,  it  vil?  be  in  the  position 
shown  below,    k  pin  in  the  filler  nozzle  pushes  the  valve  shaft  forward  and 
closes  the  build**up  port.    At  the  same  time*  the  gas  port  is  opened  to  the 
overboard  vent  and  ayster  pressure  is* discharged  overboard.    When  the 
liquid  flows  in  under  pressure,  it  unseats  the  ball  check  valve  in  the 
**fill  out"  port  and  goes  into  the  container.    When  the  filler  nozzle  is 
removed,  the  ball  check  valve  reseats,  the  valve  shaft  moves  out  and 
automatically  returns  the  system  to  "build-up." 


VtNT 


FlUtll  VALV! 


OUT 


Shown  in  Fil]/ &  Vent. 

Combin^Jtion  Fill,  Build-up,  and  Vent  Valve. 

Select  the  following  statement (s)  that  is/are  true. 

^1.    ywhen  the  filler  nozzle  is  connected,  system  pressure  is  venv'^d 
^er board . 


2.      The  normal  position  of  the  fill,  build-up,  and  vent  valve  is 


"vent." 


When  the  filler  nozzle  is  removed,  the  valve  returns  to  "build-up. 


When  servicing  the  system,  the  incoming  liquid  unseats  the  ball 
check  valve  In  the  "fill  out"  port. 


^5.  When  th^  filler  nozzle  is  connected,  the  valve  automatically 
.        moves  f    Ji  build-up  to  vent. 
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An«w«r«  to  Frame  3,    1*  2.    3.  U.  5,  T 

Fraaa  4 

You  already  know  the  pressure  closlnt^  (PC)  valve  regulates  system 
pressure  by  controlling  the  container  'Wd  pressure,"    In  this  particular 
F-4  systeai  we  have  a  combination  pressure  opepinft  pressure  closing  valve. 
The  primary  purpose  of  the  •^ressurd  opening  (PO)  valve  is  to  conserve 
gaseous  oxygen  that  is  normally  vented  overboard  by  the  relief  valve.  The 
pressure  opening  valve  Is  used  only  in  low  pressure  (70  psi)  liquid  systems. 
As  shown  below,  both  of  these  valves  are  bellows  operated  pressure  regulating 
valves  contained  in  one  housing.    The  pressure  closing  (PC)  portion  of  this 
valve  is  normally  open  and  closes  at  72  psi.    The  pressure  opening  (PO) 
portion  of  this  valve  is  normally  closed  and  opens  at  82  pst.    When  the 
pressure  opening  valve  opens  at  82  psi,  gaseous^ oxygen  is  drawn  directly  from 
thiu  top  of  the  container  for  breathing.    This  valve  is  part  of  the  converter 
assembly. 


Select  the  following  8tatement(s)  that  is/are  true. 

_1.     The  pressure  opening-pressure  closing  valves  are  bellows  operated* 
2.     The  pressure  eiosing  valve  regulates  system  pi^essure  at  72  psi. 

The  pressure  opening  valve  opens  at  82  psi. 
_4.     Th#  pressure  opening  valve  is  noru ->lly  open. 
"^5.     When  the  pressure  opening  valve  opens,  gaseous  oxygen  is  taken 

from  the  top  of  the  container 

6.  The  pressure  opening-pressure  closing  valve  is  part  of  the 
converter  assembly » 

7.  Th*5  purpose  of  the  pressure  opening  valve  is  to  conserve  gaseous 
oxygen. 

8.       A  pressure  opening  valve  is  used  only  on  low  pr^^sure  liquid  r 
systfAS* 
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Ansv^rs  to  Frame  4:  1.      T        2.      T        3.      T  4.   

5.      T        6.      T        7.      T         8.  T 


Frame  5 


The  ll(%uld  check  valve  separates  the^quld  and  gaseous  phase  of 
operation  and  prevents  a  reverse*' flow.    This  valve  allows  liquid  to  be 
drawn  into  toe  inaiii  supply  line^cluring  normal  operating  conditions. 
When  operating  pressures  are  excessive,  and  the  pressure  opening  valve 
is  open,  the  spring  in  this  check  valve  creates  a  5  psi  differential 
between  the  gasepus  and  liquid  phase  as  gaseous  oxygen  is  being  drawn 
off  the  top  of  the  container.    This  will  cxose  the  check  valve  when 
the  pressure  opening  valve  is  open'.    When  we  discuss  overall  system 
operation,  the  function. of  this  valve  will  become  clear. 


Liquid  check  valve. 


Select  the  rollowing  statement(s)  that  is/are  true. 
_1.    '  The  liquid  check  valve  prevents  reverse  flow* 
2*      This  valve  separates  the  liquid  and  gaseous  phase  of  operatidn. 


During  normal  operating  conditions,  liquid  flows  through  the 
check  valve  into  the  main  supply  line. 

_^4.     When  the  pressure  opening  val.ve  is  open,  the  liquid  check  valve 
is  clo&^d. 
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Answers  to  Frame  5:    1.  2.  ^  3.    ^       ^-  ^ 

Frame  6 

0  Let*s  take  a  look  at  a  schematic  of  the  complete  converter-assembly. 
Locate  the  fill,  build-up,  and  vent  valve,  pressure  opening-pressure  closing 
valve,  and  liquid  check  xalve  that  we  discussed  individually.    The  other  units 
such  as  the  liquid  container,  build-up  coil,  and  relief  valve,  are  already 
familiar  to  you.    The  capacitance  probe  inside  the  container  is  part  of  the 
quantity  indicating  system  which  will  be  covered  later.    In  the  schematic, 
the  system  is  shown  empty  and  the  valves  in  their  normal  Position.  Note 
the  converter  assembly  has  only  one  relief  valve  which  is  set  at  110  psi. 
Tj>4s  xs  the  co'ntainer  relief  valve. 


Select  the  following  statement(s)  that  is/are  true. 

1.  The  normal  position  of  the  fill,  build-up,  and  vent  valve  is 
"build-up."  ^ 

2.  The  pressure  opening  valve  is  normally  closed  and  the  pressure 
closing  valve  is  open  as  shown. 

3.  The  container  relief  valve  is  set  at  110  psi. 

4.  The  supply  line  and  vent  line  are  connected  to  the  converter 
assembly  with  quick  disconnects. 

5.  The  fpring  in  the  liquid  check  valve  is  holdirg  it  open. 

'6.      The  luild-up  coil  is  connected  to  the  inlet  port  of  the  pressure 
closing  valve. 
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Answers  to  Frain€  6:    I.    ^     2.      T       3,      T       4.      T  5, 

^-    JL  ^  ' 

Frame  7 

So  far  we  have  discussed  the  converter  assrably  and  its  components.^ 
Now  let's  look  at  the  components  of  the  oxygen  system  that  are  fixed  to 
aircraft.    The  supply  line  relie^  valve  is  set  at  130  211  and  relieves 
excessive  pressure  in  the  supply  line  and  warm-up  coil  (or  warm*up  plate). 
When  the  converter  assembly  is  rsooved  at  the  quick  discOi.nects,  dxygen 
is  trapped  in  the  supply  line  and  wirm-up  coil  and  pressures  may  become- 
excessive  il  the  temperature  changes/  The  supply  line  relief  valve-  takes 
care  of  this.    Also,  if  the  container  reUef  valve  fails,  the  supply  line 
relief  valve  will  take  over. 

The  purpose  of  the  warm-up  coil  or  plate  is  to  raise  the  temperature 
of  the  gaseous  oxygen  to  where  it  is  suitable  for  breathing.    The  coil  is 
usually  in  the  cockpit  or  electronics  compartment.    Heat  in  the  area 
surrounding  the  coil  is  transl erred  to  the  gaseous  oxygen  as  it  passes 
through  the  coil  on  its  way  to  the  regulators. 


Select  the  following  statement (s)  that  is/are  true. 

1,  The  supply  line  relief  valve  is  fixed  to  the  aircraft  and  set 
at  130  psi. 

2.  As  gaseous  oxygen  passes  through  the  warm-up  coil»  its 
temperature  rises. 

3-      If  the  container  relief  yaive  fails,  the  supply  relief  valve  takes 
over . 
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kammxB  to  Frame  7:    1.  2.    Jt_       3.  JT_ 

¥r^€  8 

Nov  let^s  take  a  look  at  thf>  complete  liquid  oxygen  system  ve  have  been 
discussing  in  parts.    Remember  that  the  supply  l,int:  relief  valve  and 
warm*-up  coil  remain  in  the  aircraft  when  the  converter  assembly  is  removed 
at  the  vent  line  and  8up',>ly  line  quick  disconnects.    The  container  relief 
V  Jve  stays  with  the  converter  assembly. 


Select  the  following  statement (s)  that  is/are  true. 

1.  The  container  relief  valve  is  part  of  the  converter  assembly. 

2.  The  supply  line  relief  valve  is  part  of  the  converter  assembly. 
J,      One  end  of  the  build-up  coil  goes  to  the  pressure  closing  valve. 

4.      The  supply  line  relief  valve  has  a  higher  setting  than  the  container 
relief  valve. 

J.      The  rorm&l  position  of  the  fill,  build-up,  and  vent  valve  is 
"build-up. 
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Answers  to  Frame  8:    1.      T         2.    3.      T         4.      T         5.  T 


Frame  9  (Review  Framo.) 

Circle  the  letter  thai:  is  in  front  of  what  you  believe  to  be  the 
correct  response.    Check  youu  answers  on  the  top  of  the  next  page. 

1.  What  prevents  a  reverse,  flow  of  liquid  oxygen  out  of  the  fill,  build-up 
and  vent  valves  when  the  filler  nozzle  is  removed? 

a.  Supply  line  relief  valve. 

b.  The  fill  check  valve. 

c.  Container  relief  valve. 

d.  The  liquid  check  valve. 

2.  When  system  pressure  becomes  excessive,  which  valve  will  open  and 
allow  gaseous  oxygen  to  be  drawn  off  the  top  of  the  container? 

a.  Fill,  build-up  and  vent  valve. 

b.  Pressure  closing  valve. 

c.  Container  reli(sf  valve. 

d.  Pressure  opening  valve. 

3.  On  th**  F-4C  converter  assembly,  the  pressure  opening  valve  formd  a 
combination  with  che 

a.  filler  valve. 

b.  liquid  check  valve. 

c.  pressure  closing  valve. 

d.  build-up  valve. 

4.  The  F-4C  converter  assembly  contains  only  the  CONTAINER  relief  v&lve. 

a .  True 

b.  False 

5.  The  pressure  opening~pressure  closing  valve  is  ONLY  used 

a.  on  low  pressure  (70  pal)  liquid  oxygen  systems. 

b.  Wiien  a  build-up  coil  is  used. 

c.  on  high  pressure  (300  psi)  liquid  oxygen  sy^  ems. 

d.  wh&n  no  head  pressure  is  required. 

6.  On  the  F-4C  aircraft,  tha  warm-up  coil  or  plate  is  part  of  the 
converter  assembly. 

a «  True 
b.  False 
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Answers  to  Frame  9:    1.    _b_     2.  3     _c_     4.    _a_     5.    _a_    6.  _b 

Frame  10 

Now  that  you  are  familiar  with  the  dual  function  valves  used  in  this 
typ€  of  system;  let's  discuss  the  operation  of  this  system.    In  order  to 
fully  understand  what  is  taking  place  within  the  system,  it  is  necessary  to 
look  at  the  system  in  four  (A)  different  phases  of  operation.    The  first 
phase  is  FIILING  and  this  is  shewn  below.    When  the  nozzle  from  the 
servicing  trailer  is  connected  to  the  fill,  build-up  and  venc  valve,  the 
plunger  in  the  valve  is  pushed  in  as  shown.    This  closes  the  build-up  line 
and  provides  an  open  line  to  the  overboard  vent.    Any  pressure  in  the 
system  is  now  vented  overboard.    When  the  liquid  oxygen  enters  the  valve,  it 
unseats  the  fill  check  valve  and  goes  into  the  container  through  the 
bottom.    When  the  container  is  full,         id  flows  out  the  top  of  the 
container,  back  through  the  valve  and  out  the  overboard  vent.    At  this  time, 
the  nozzle  from  the  servicing  trailer  is  removed  and  this  automatically 
places  the  system  in  the  build-up  phase. 


Select  the  following  statemerit(s)  that  is/are  true. 

1.  The  fill  check  valve  is  unseated  when  filling  the  system. 

2.  The  liquid  check  valve  is  closed  when  filling. 

3-      When  filling,  the  pressure  closing  valve  is  open  (normal  position). 

4.  When  filling,  liquid  oxygen  enters  the  w^^  up  coil. 

5.  Systea  pressure  Is  vented  overboard  when  the  filling  nozzle  is 
connected. 

12 


Ansvttrt  to  Frame  10:    1.      T       2.      T       3.      T  4. 

Frame  11 

Once  the  transfer  hose  nozzle  Is  removed,  pressure  begins  to  build  up 
In  the  system.    This  pressure  build-up  continues  until  system  p**essure 
reaches  72  psi.    The  schematic  below  illustrates  this  pressure  build-up 
phase..  Note  that  liquid  is  boiling  off  in  the  build-up  coil  and  returning  to 
the  cop  of  the  container  through  the  pressure  closing  valve  (which  is  open) 
and  the  fill,  build-up  and  vent  valve.    The  container  is  building  up  "head" 
pressure.    During  this  phase,  breathing  oxygen  is  obtained  from  liquid 
oxygen  drawn  through  the  liquid  check  valve  (shown  open).    This  liquid  will 
vaporize  as  it  passes  through  the  supply  line  and  warm  up  coil  on  its  way 
to  the  oxygen  regulator. 


Select  the  following  statement(s)  that  is/are  true. 

1.  When  system  pressv^^'^  is  below  72  psi  the  pressure  closing  valve 
is  closed. 

2.  When  the  transfer  hose  nozzle  is  removed,  the  system  returns  to 
build-up. 

3.  During  the  build-up  phase,  the  build-up  coil  is  supplying  gaseous 
oxygen  which  is  returned  to  the  top  of  the  container. 

4.  During  this  phase,  liquid  oxygen  is  drawn  through  the  liquid  check 
valve  and  vaporized  in  the  supply  line  and  warm  up  coil. 

5.  During  this  phase,  the  container  relief  valve  is  open. 
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Answers  to  Frame  11:    1.  2.      T        3.      T        4.      T  5 


Frame  12 

In  this  phase  of  operatlont  breathing  oxygen  Is  obtainec*  from  gaseous 
oxygen  drawn  through  the  liquid  check  valve.    In  this  condition  the  pressure 
closing  valve  is  closed  (closed  at  72  psi)  and  the  pressure  opening  valve  is 
still  closed  (opens  at  82  psi).    With  the  pressure  closing  valve  closed » 
pressure  build-up  in  the  system  is  stopped  because  the  return  path  to  the 
top  of  the  container  is  blocked.    The  liquid  trapped  in  the  build-up  coil 
now  evaporates  (shown  evaporated)  and  causes  a  back  flow  of  liquid  to  the 
container.    This  action  is  what  enables  gaseous  oxygen  to  be  drawn  through 
the  liquid  check  valve  (see  schematic).    As  the  pressure  is  lowered  by  the 
uxvgen  being  used,  the  pressure  closing  valve  will  open  and  pressure  will 
again  build  up. 


LEGEND 

i«AS  OKVtCN 
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SUPPLY  (SYSTEM  PRESSURE 
BETWf  N  72  AND  82  PSI! 


Select  the  following  statemeat(s)  that  is/are  true. 

1.  When  system  pressure  is  between  72  and  82  psi,  tns  pressure  closing 
and  pressure  opening  valves  are  closed. 

2.  When  the  prwasure  closing  valve  closes^  pressure  build-up  is  halted. 

3.  The  pressure  closing  valve  is  seC  to  close  at  52  psi. 

A.      When  the  pressure  closing  valve  closes,  liquid  oxygen  trapped  in 
the  baild-up  coil  will  evaporate  and  cause  a  back  flow. 

5.      In  this  phase*  gaseous  oxygen  for  breathing  is  drawn  through  the 
liqukd  check  valve « 


Answers  to  Frame  12:  1« 
FriJie  13 


2. 


3. 


4. 


f7n 

5.  T 


In  cases  whert  the  use  of  gaseous  oxygen  is  below  normal  at  the  regulator 
(low  demaud),  and  repeated  cycling  of  the  system  causes  excessive  pressure 
build-up,  the  pressure  opening  valve  will  open>    The  pressure  opening  valve 
will  open  at  82  psi  as  shown  below.    When  this  valve  opens,  gaseous  oxygen 
for  breathing  is  drawn  from  the  top  of  the  container  through  this  valve  and 
out  to  the  warm  up  coil.    The  pressure  opening  valve  remains  open  as  long  as 
normal  evaporation  in  the  container  ::s  adequate  to  maintain  system  pressure 
above  82  psi.    With  this  valve  open,  a  back  pressure  will  close  the  liquid 
checL  valve  as  shown*    This  pha^e  of  operation  continues  until  system 
pressure  drops  below  82  psi  again.    When  the  oxygen  system  is  not  being  used 
at  all,  normal  evaporation  in  the  container  will  cause  pressure  to  build  up 
until  it  reaches  the  setting  of  the  container  relief  valve  (110  psi).  This 
will  vent  excess  pressure  overboard. 


LEQENO 

QSauS  OXYtlM 

■■  uomo  oxYiCN 


CONTAlNtJ*  RELIEF  VALVE 


Select  the  following  statement (s)  that  is/are  true. 

1.  The  pressure  opening  valve  opens  at  82  psi 

2.  A  low  demand  on  the  system  causes  pressure  to  build  up< 


 3.     When  the  pro.ssure  op^^ning  valve  is  open,  breathing  oxygen  is  drawn 

fro©  the  top  of  the  container. 

 In  thi^  phase*  the  liquid  check  valve  is  open. 

„^  5,      lie  no  oWygen  is  being  used,  pressure  will  rise  to  the  relief 

v.ilve  setting. 
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Anawers  to  Frame  13:    1-      T        2.      T         3.      T       4,    5>  T 


f 

Frame  14  ^ 


Let's  take  a  look  at  another  type  of  converter  assembly  found  on  the 
F-4C  aircraft.    As  shown  in  the  schematic,  this  assembly  has  a  single  unit 
pressure  closing  valve  only.    The  fill,  build-up,  and  vent  valve  used  In  this 
system  has  another  component  built  in;  this  is  the  container  relief  valve. 
So  now  we  have  a  combination  fill,  build-up,  vent,  and  relief  valve.  Note 
also  that  this  converter  assembly  does  not  have  a  liquid  che^k  valve.  In 
operation,  liquid  oxygen  will  gravity  feed  into  the  build-up  coil  and  change 
to  a  gas*    This  gas  goes  through  the  pressure  closing  valve  and  up  to  the 
top  of  the  container.    This  pressure  build-up  continues  until  the  pressure 
closing  valve  "closes"  at  72  psi.    As  the  "head  pressure"  on  the  top  of  the 
liquid  increases,  more  liquM  is  forced  out  the  bottom  of  the  container  and 
evaporates  in  the  supply  line  and  warm  up  coil  on  the  aircraft.  This 
converter  assembly  can  be  placed  in  the  aircraft  and  connected  at  the  f<>me 
quick  disconnects  as  the  previous  converter  assembly  we  have  discussed. 


Select  the  following  statementCs)  that  is/are  true. 

1.  In  this  type  of  converter  assembly  the  container  relief  valve 
la  part  of  the  fill,  build-up,  and  vent  valve. 

2.  This  unit  does  not  have  a  liquid  check  valve. 

3»      Only  a  pressure  closing  valve  is  u.qed  in  this  converter 
asaeribly. 
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Anavers  to  Frame  14:    1.  2,     T        3.  1 

Frame  15 

Instructions:    The  facing  page  has  a  schematic  of  the  liquid  oxygen 
system  ve  have  been  discussing.    Use  this  page  to 
do  the  following: 

Part  1.       Identify  the  components  in  the  system  by  placing  the 
letters  from  the  arrowed  circles  by  the  correct  name 
of  that  component  in  the  given  list.    Check  your 
answers  on  the  next  page. 

Part  2.       Draw  the  necessary  valves  open  or  closed  (with  a  black 
pencil)  to  indicate  the  position  they  would  take  if  the 
system  pressure  was  above  82  psi.    Now  use  a  red 
pencil  and  trace  in  the  liquid  flow  and  a  blue  pencil 
to  show  gaseous  oxygen  flow.    Check  your  tracing  against 
the  schematic  for  this  phase  of  operation  in  the  text. 
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1—  .V«nt  Quick  DtacooMct. 

2—  .^n,aiild-Up,4nd  Vent  Va1v«, 
3:^nil  ChecJc  VaXY«. 

4,  _Liq\Al(l  Container. 

5.  I     Biillrl^Up  Coll. 
6..,^Llqul<l  Check  Valve. 

7_P«e»up«  Opening-Pressure  Closing  Valrs. 
8.«.^ontalner  Relisf  Valve. 
9*.^Suppl7  Quick  Disconnect. 


VENT 


nswrs  to  Frame  15:  (Part  1)  1.  E  2.  G  3.  D  4.  J  5.  C  6.  A 
7.  H    8.  F    9.  1    10.  B    11.  K  ^  ^ 
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FOREWORD 

This  progranned  text  was  designed  for  use  i^^Course  3ABRA2331* 
The  Mterlal  herein  has  been  validated  with  30  students  from  the 
subject  course.    All  students  achieved  the  objectives  as  stated. 
Average  tlm  for  completion  of  the  text  vas  35  minutes. 

OBJECTIVES 

*  t> 

After  completion  of  this  programed  text  you  will  be  able  to: 

!•     Relate  four  (4)  of  five  (5)  liquid  oxy|en  quantity  indicating 
components  vlth  their  purpose. 

INSTRUCTIONS 

Throughout  this  programmed  text  you  will  be  required  to  respond 
to  the  information  given.    After  making  your  response,  check  the  correct 
answer  at  the  top  of  the  following  page.    If  your  response  was  incorrec^: 
review  the  frame  to  determine  your  error  before  proceeding  to  the  next 
frame.  ^ 


Supersedes  3ABR42731-'PT-31AC,  16  December  1970. 
OPR:    3370  TCHTG 
DISTRIBUTION:  X 

3370  TCHTG/TTGU-P  -  600;  TTVSA  -  1. 
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All  liquid  oxygen  systema  have  some  types  of  quantity  Indicating 
•yatan  to  let  the  pilot,  or  whoever  la  us.lng  the  oxygen,  know  how  much 
ha  haa  remaining  In  the  liquid  container.    There  ar<,  three  (3)  types  of 
indicating  systems  used  with  liquid  oxyge;t  converto?:8:    1.    The  direct 
reading,  differential-pressure  contenta  gage  (shown  on  right  below). 
2.    The  electrical-differential  pressure  contents  gaging  system.    3.  The 
cepacltai>ce  contents  gaging  system  (shorn  on  left).    Regardless  of  the 
types  of  indicating  syst«n  used,  all  the  gages  are  read  In  liters  of 
liquid  oxygen.    The  total  number  of  liters  which  the  gage  indicates 
(5-2W5,  etc.)  depends  upon  the  size  of  the  liquid  container  on  the 
convertor  assembly  being  used.    The  three  indicating  systems  mentioned 
above  %/ill  be  discussed  in  this  text. 


LIQUID  OXYGEN  CONTENTS  GAGE 


Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

1.  Quantity  gages  indicate  in  liters  of  liquid  oxygen. 

2.  The  three  types  of  indicating  systems  used  are  the  direct 
reading,  electrical-differential  pressure,  and  capacitance 
type  system. 

3.  If  the  convertor  assembly  has  a  5  liter  container,  the  quantity 
indicator  would  read  a  total  of  5  liters. 

4.  All  liquid  oxygen  systems  have  a  quantity  indicating  system  of 
some  type. 


% 


3 
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Answers  to  Fv«me  I:    I.    jr_      2.    jr_      3.  4.  jr_ 

Frama  2 

Th«  first  quantity  indicating  system  we  will  discuss  is  the  direct 
reading  type  shown  below.    It  Is  referred  to  as  "direct  reading"  because 
it  Is  connected  to  Che  container  with  tubing  and  no  electrical  connections 
are  required.    As  shown  in  the  illustration,  we  have  one  line  coming  off 
the  bottom  of  the  container  going  to  the  liquid  connection  on  the  back  of 
the  unit*    The  line  coming  off  the  top  of  the  container  goes  to  the  ^as 
connection  on  the  back  of  the  unit.    Note  also  the  gas  line  to  the  build-up 
and  vent  valve  is  tapped  off  this  line.    This  quantity  gage  is  located  in 
the  cockpit  usually  next  to  the  oxygen  regulator* 


Direct  Reading,  Differential-Pressure  Contents  Gage  Installation, 


Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False* 

1.  The  direct  reading  quantity  gage  is  connected  directly  to  the 
liquid  container  with  tubing. 

2.  This  gage  has  two  connections;  gas  and  liquid. 

3,  The  direct  reading  contents  gage  operates  by  electricity, 

4,  The  quantity  gage  Is  located  in  the  cockpit. 

4 


Ansvcra  to  Frame  2:  1. 


2. 


3. 


4.  _T_ 

Frame  3 


Thtt  direct  reading  contents  gage  has  two  chambers  separated  by  a 
diaphragm.    Notice  below  that  gas  pressure  from  the  top  of  the  container  Is 
applied  to  one  side  of  the  diaphragm.    On  the  opposite  side  of  the  dlaphragiu, 
we  have  the  pressure  on  top  of  the  liquid  PLUS  the  weight  of  the  liquid 
applied.    The  weight  of  the  liquid  then  sets  up  the  differential  pressure. 
This  differential  pressure  positions  the  diaphragm  and  through  mechanical 
linkage,  positions  the  Indicator  pointer.    Note  the  connection  on  the  back*  ^ 
of  the  gage  Is  labeled  "liquid/'    However,  oxygen  In  a  liquid  state  does  not 
reach  the  gage.    Liquid  leaves  the  container  but  changes  to  a  gas  as  it 
travels  through  the  tubing.    The  direct  reading,  differential  pressure 
quantity  indicating  system  is  the  most  simple  of  the  systems  we  will  discuss. 
However,  it's  not  often  used  because  of  the  disadvantage  of  the  long  tubing 
runs  from  the  container  to  the  indicator. 

t  ^ 


CONTAINER 


Direct  Reading  Contents  Gage  Schematic. 
Hark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

1.  The  weight  of  the  liquid  determines  the  amount  of  differential 
pressure.  \. 

2.  Oxygen  in  a  liquid  state  is  applied  to  one  side  of  the  diaphragm. 

3.  This  type  of  system  is  not  often  used  because  of  the  long  tubing 
runs . 

ji.      The  pointer. on  the  gage  is  positioned  through  mechanical  linkage. 

_5.      The  direct  reading  contents  gage  has  two  chambers  separated  by  a 
diaphragm. 
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Frame  4 


2. 


3. 


4. 


5. 


Th«  next  system  we  will  discuss  iB>.^he  electrical-differential  pressure 
contents  gaging  system.    Tlils  system  is  composed  of  two  »-aslc  units,  the 
transducer  »s8embly  and  ti     quantity  Indicator.    The  transducer  used  in 
thla  system  is  shown  below.    Generally  ffpeaklng»  a  transducer  is  any  device 
that  changes  one  type  of  ^  gnal  to  another.    In  our  case,  we  want  to  convert 
the  pressure  differential  (as  discussed  in  the  direct  reading  system)  to  an 
electrical  signal .    The  transducer  shown  will  do  this  job.    When  the 
trwisducer  converts  the  pressure  signal  to  an  elfctrlcal  signal,  it  sends  it 
to 'the  indicator  which  provides  a  reader,  in  liters  on  its  dial.  The 
transducer  is  locatjed  on  or  near  the  convertor  assembly  and  connects  to  the 
container  with  tubing  at  the  GAS  and  LIQUID  ports. 


OAS  ^OtT- 


liSISTANCC 


movaSle  shaft 


rOTENTlOMETER 
CCKTACT  AIM 


ELECTRICAL 
CONNECTOR 
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'i'ransducer  Assembly  Schematjc. 
Mark  the  foil  wing  statements  with  a  T  for  True  or  an  F  for  False, 

1.  A  transducer  changes  one  type  of  signal  to  another. 

2,  In  this  system,  the  transducer  changes  the  differential  oressure 
oignal  to  an  electrical  signal. 


J'* 
5. 


Tht  indicator  reads  out  the  electrical  signal  in  li<^rs  of  oxygen. 

The  transducer  is  Iccit  d  on  the  ^>1lot*s  instrument  panel. 

The  two  major  units  in  the  electrical-pressure  differential 
contents  gaging  system  are  tue  transducer  and  indicator. 


Anowrs  to  FrMW  4:    1.   JL      2,    ^      3.    JL-      4.    ^      5-  JL 

Frame  5 

Let*8  take  a  look  at  a  simplified  schematic  of  the  transducer  and 
determine  how  the  mechanical  portion  of  this  unit  operates.    The  transducer 
(B)  operates  on  the  differential  pressure  created  in  the  liquid  container 
(A).    Here  we  have  gas  pressure  from  the  top  of  the  -ontainer  acting  on  one 
side  of  the  diaphragm  (E) ,  and  gas  pressure  PLUS  t^e  weight  of  the  liquid 
acting  on  the  other  (bottom)  side  of  the  'diaphragm.    The  movement  of  the 
diaphragm  (E)  positions  the  contact  arm  (D)  on  the  resistance  strip  (C)  • 
Note  the  contact  arm  (or  wiper  arm)  is  connected  to  the  movable  shaft  which 
in  turn  is  connected  to  the  diaphragm.    As  thfe  liquid  level  changes  in  the 
container,  tue  differential  pressure  will  change  and     ^  diaphragm  varies 
the  contact  arm  accordingly.    The  indicator,  which  is  electrically  connected 
to  the  resists  ce  strip,  will  pick  up  thils  varying  signal  and  move  its 
indicating  pointer. 


A.      Liquid  Container. 


B*      Transducer  Assy. 

C.  Resistance  Strip.      E.  Diaphragm. 

D.  Contact  Arm.  F.  Tubing. 

Mark  the  following  statements  with  a  T      •  True  or  an  F  for  False. 

1.  As  the  liquid  level  changes,  the  differential  pressure  will  change. 

2.  The  indicator  is  connected  electrically  to  the  resistance  strip. 


3.      The  corcact  arm  varies  the  resistance  sent  to  the  indicator. 


A.  The  weight  of  the  liquid  determines  the  differential  pressure. 
5.      The  contact  arm  can  move  up  or  down  the  resistance  strip* 
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Answers  to  Frame  5:    1.  2.    J[_       3.    Jt_       i..    Jt_  5. 

Frame  6 


Let's  discuss  the  electrical  circuit  of  the  indicator  and  transducer  as 
shown  below.    This  type  of  liquid  indicating  system  is  sorse times  referred  to 
as  a  "Selsyn*  system  in  technical  publications.     Selsyn  is  a  trade  name  used 
by  a  particular  manufacturer  that  makes  this  type  of  "three  wire"  liquid 
gaging  circuit  and  simply  means  the  system  has  self-synchronous  Instruments 
and  they  are  DC  operated •    In  operation,  the  wiper  contact  arra  (A)  in  the 
transducer  is  positioned  on  the  curved  resistance  strip  (E)  by  movement  of 
the  transducer  diaphragm.    The  current ^f low  in  each  of  the  three  coils 
(B-C-D)  is  determined  by  the  position  of  the  wiper  contact  arm  and  ihe  applied 
voltage.    The  position  of  the  rotor.  (G)  depends  upon  the  proportion  of  current 
flowing  in  each  coil.    Note  that  with  "he  wiper  contact  arm  positioned  as  it 
is,  a  strong  magnetic  field  exists  around  coil  (B)  in  comparison  to  the  other 
two  coils.    Therefore,  the  permanent  magnet  rotor  (G)  is  pulled  around  to 
align  itself  with  coil  (B) .    The  indicator  pointer  now  gives  a  read-out  in 
liters  of  liquid  oxygen. 


INDICATOR 


TRAr;SDUCER 
8V 


A.  Wiper  Contact  Arm. 

B.  Differential  Coil- 

C.  Differential  Coil. 

D.  Differential  Coil. 


E.  Resistance  Strip . 

F.  Coil  Connecri  Wire. 

G.  Permanent       ,n-t  Rotor. 


.iC  the  fclloving  statements  with  a  T  for  True  or  an  F  for  FaJse. 

When  the  wiper  cc  ^ct  arm  moves,  the  current  is  varied  in  che 
differential  colls. 


2.  DC  voltage  moves  the  wiper  contact  arm  in  the  tran^^tUicer  . 

3.  The  rotor   (G)   is  positioned  bv  the  proportic    if  ^'u^ztnt  fiowin, 
in  each  coii. 

4.  Selsyn  is  a  trac^e  name  for  this  type  of  three  wire  liq-ir  pu-,  in^- 
systejB. 

5.  Thi^  system  contains  se  1  f -svnrhronn*^  -  ^        operated   nistr  -  > 


PlOO 

AnmyBra  to  Frame  6:    1.  2.    J[_      3.  4,  S. 

Frame  7 

In  order  to  obtain  ax  accurate  lndlca*:lon  of  the  number  of  liters  In 
the  container  at  each  end  of  the  scale  (full-empty),  it's  usually  necessary 
that  the  transducer  and  indicator  be  a  "matched  set."    That  is,  the 
transducer  should  be  calibrated  while  connected  :o  the  indicator  with  which 
it  is  to  be  Installed  in  the  aircraft «    The  adjusdnents  for  the  FULL  and 
EMPTY  arrows  are  accomplished  by  turning  the  adjustment  screw  on  the 
transducer  assenbly  as  indicated  below.    When  this  screw  is  turned  in  one 
direction,  resistance  will  be  varied  at  R  -  or  the  EMPTY  end  of  the 
resistance  strip,    \n\en  turned  in  the  opposite  iirection,  resistance  is 
•varied  at  R+  or  the  FUI    end  of  the  resistance  strip.    In  other  words,  if 
you  know  the  liquid  container  is  completely  empty,  the  resistance  can  be 
v;rled  to  make  the  indicator  read  empty. 


INDICATOR  TRANl-DUCER 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

1.  The  indicator  and  transducer  should  be  calibrated  together  for 
accuracy. 

2.  When  the  adjustment  screws  are  turr.ed,  resistance  is  varied  at 
R-  or  R+. 


3.  If  the  liquid  container  is  fu?l,  t'ae  indicator  should  read  emp^y. 

4.  All  adjustmtMts  are  made  on  the  ?:ransducer  assembly. 

5.  These  uniL^5    an  be  calibrated  in  the  shop  or  on  the  aircrait. 

^.  The  fransductr  Is  connected  to  the  liquid  contnli  -r  with  tubing. 
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Answers  to  Frame  7:  1.  T  2. 
Frame  8 


3.  F 


5- 


6. 


The  last  quantity  indicating  system  ve  will  discuss  is  the 
capacitance  type  contents  gaging  system.    This  systeia  is  probably 
used  more  than  both  the  other  two  systems  ve  have  discussed.  This 
Indicating  system  does  not  require  tubing  or  diaphragms  which  add  weight 
and  cause  maintenance  problems.    Simply  stated ,  the  capacitance  probe 

side  the  liquid  container  (see  below)  acts  as  a  variable  capacitor 
as  the  liquid  level  changes.    This  varying  signal  is  picked  up  by  the 
capacitance  gage  (shown)  which  contains  the  indicating  circuit. 


IMfiGINCY  iCUCF 


OUTtt  SHf U 


INNIt  $H£U 


MOS€ 


Capacitance  Type  Contents  Gaging  System. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 
1.      The  capac ilaiiv-e  prohe  acts  as  a  variable  capacitor. 

The  probe  is  ir.s taJ  1  ed  inside  Ihe  liquid  container , 


This  indicating  system  does  not  contain  tubing  or  diaphragms. 

\3  the  liquid  level  change  ,  the  capacitance  signal  changes. 

The  Indicating  circuit  is  inside  the  capacitance  probe. 
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Alurvers  to  Fraike  8:  1. 


2. 


3. 


4. 


mi 


I 


5. 


'''rame  9 


If  you  recall  from  previous  instruction,  a  capacitor  consists  of  tvo 
conducting  plates  with  an  insulating  material  separating  them.  This 
insulating  material  is  called  the  dielectric >    Materials  such  as  glass, 
air,  mica,  wax  paper,  and  oll^re  commonly  used  as  dielectrics.    In  this 
particular  case,  we  are  ualng  aiquid  oxygen  as  the  dielectric  between  the 
two  plates  of  the  probe  as  shown  below*    The  amount  of  capacitance  stored 
In  the  plates  depends  upon  the  plate  area,  distance  between  the  plates, 
and  the  type  of  dielectric  used.    As  the  liquid  level  changes,  we  have  a 
variable  dielectric  between  plates  of  the  probe.    This  generates  a 
varying  capacitance  signal  which  is  passe    on  to  the  indicating  circuit 


\ 


o 


A.    Container     B.    Plates     C.  Probe 
CAPACITANCE  PROBE 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

_1.     The  capacitance  probe  consists  of  two  conducting  plates, 

2.  The  liquid  oxygen  is  used  as  a  dielectric. 

3.  The  capacitance  probe  is  installed  in  the  container. 

k.      The  insulating  material  used  for  all  capacitors  is  oil. 

5.      As  the  liquid  level  changes,  a  varying  capacitance  signal  is 
generated • 
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Answers  to  Franc  9:    ..    _T_      2.    _T_      3,     T        4.     F  5 


Frame  10 


The  capaclcancfe  indicating  circuit  is  shoim  below.    Keep  in  mind  these 
components  are  miniaturized  and  contained  inside  the  indicator  or  capacitance 

gage.    The  indicating  circuit  is  primarily  a  capacitance  bridgeTircuit  in  

which  the  probe  (L)  in  the  container  makes  up  one  leg.     In  operation  the 
capacitance  bridge  measures  probe  (L)  capacitance  by  comparing  it  to'a  known 
reference  capacitor  (B) .    When  the  bridge  becomes  unbalanced  due  to  a  liquid 
level  change  in  the  container,  the  induction  motor  (E)  receives  power  and 
corrects  the  indicator  pointer  (C)  by  mechanical  linkage  (dotted  lines). 
At  the  same  time,  the  motor  (E)  corrects  the  balancing  potentiometer  (D) . 
It  will  also  close  the  low-level  switch  (G)  anC  sead  power  to  the  low-level 
light  (F)  if  the  pointer  moves  to  the  empty  eud  of  the  scale.     Identify  all 
the  components  listed  below  the  schematic. 

■^1    .  , 


A. 
B. 
C. 

n. 

E. 
F. 


INDICATOR 

Full  Adj.  Potentiometer  G. 

Reference  Capacitor  h. 

Indicator  Pointer  i. 

Balancing  Potentiometer  J. 

Induction  Motor  k. 

Low-level  Light  l. 


Low-level  Switch 
Push-to-f.est  Switch 
Empty  Adj,  Potentiometer 
Coaxial  Cable 
Shielded  Elecurical  Lead 
Capacitance  Probe 


CAPACITANCE  INDICATING  CIRCUIT 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

^1.      The  capacitance  indicating  circuit  i^  primarily  a  bridge  circuit. 

2.      The  bridge  ci  cuit  compares  probe  capacitance  with  a  reference 
capacitor. 

_3.      The  indicator  poia        is  moved  by  mechanical  linkage. 

J.      The  probr  nukes  up  one  leg  of  the  capacitance  bridge. 
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Anwert  tc  Frame  10;    1.  2.  3.  A.  T 

Frame  11 

Two  of  the  items  ve  did  not  discuss  in  the  schematic  in  Frame  10  are 
the  two  adjustments  that  can  be  made  on  the  indicator.    The  full  adjustment 
potentiometer  ("A"  in  the  schematic)  and  the  empty  adjustment  potentiometer 
("I"  in  the  schematic).    These  two  potentiometers  are  connecteu  at  opposite 
ends  of  the  transformer  secondary  winding  shown  in  the  schematic •  They 
provide  a  means  of  adjusting  the  bridge  voltages  to  balance  over  the  empty*to* 
£u£l  capacitance  range  of  the  system.    The  adjustment  screws  are  accessible 
at^the  back  of  the  indicator  as  shown  on  the  right  below.    The  low-level 
warning  light  on  the  face  of  the  indicator  warns  against  complete  exhaustion 
of  the  oxygen  supply.    The  particular  indicator  shown  below  has  a  power 
failure  "flag"  in  the  lower  center  of  the  dial.    The  oxygen  quantity  push-to- 
test  switch  shown  below  (located  on  the  indicator  panel)  is  ased  to  check 
system  operation.    When  the  switch  is  pushed,  the  bridge  is  unbalanced  and 
the  Liotor  drives  the  indicator  pointer  to  "empty."    When  the  switch  is 
reJ eased t  bridge  balance  is  restored  and  the  pointer  returns  to  its 
original  position.    This  response  by  the  indicator  proves  that  the  system 
is  operating  normally. 


LIQUID  OXYGEN  CAPACITANCE  INDICATOR 


Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

!•      Adjustments  to  the  quantity  indicating  system  are  made  on  the 
indicator. 

2.      Adjustments  to  the  system  are  made  on  the  capacitance  probe. 
3»      The  push- to-test  switch  is  used  to  check  svs':em  operation. 


4«      The  low^level  warning  light  warns  against  complete  exhaustion 
of  the  oxygen  supply. 
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Answers  to  Frame  11:  1. 


Frame  12 


2. 


3- 


4, 


In  the  capacitance  indicating  circuit  in  Frame  10  we  have  two  wires 
connecting  the  capacitance  probe  to  the  indicator.    On  the  "low"  side  of  the 
probe  we  are  using  a  coaxial  cable  for  this  connection.    This  type  of  cable 
is  illustrated  on  the  right  belcw.     Coaxial  cable  is  used  on  this  side  of  the 
probe  to  prevent  picking  up  stray  signals  which  would  upset  the  bridge 
circi'it  in  the  indicator.    The  wire  connecting?  the  "high"  side  of  the  probe 
to  the  indicator  is  a  shielded  electrical  lead  as  shown  ou  the  left  below. 
This  is  the  400  cycle  power  supply  to  the  probe.    This  wire  does  not  transmit 
a  signal,  so  coaxial  cable  is  not  required.    The  wiring  diagram  symbol  for 
these  two  wires  are  shown  above  each  illustration. 


DIAGRAM  SYMiOl 


A.  SHtClOEO  IRAID  C.  WlRC 
1.  INSULATION 


— c 


DIAGRAM  SYMBOL 


A 


C 


1 


—  D 


A.  OUTfR  INSULATION     C  INJULATION 
CO^^ER  MESH  D    SIGNAL  WIRE 


Shielded  Electrical  Lead  Coaxial  Cable 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False, 

1,  Coaxial  cable  will  transmit  a  true  signal. 

2,  Coaxial  cable  is  used  on  the  "low"  side  of  the  capacitance  probe, 

3,  The  wiring  diagram  symbol  is  the  same  for  both  cables  shown. 


4,  The  shielded  electrical  lead  is  used  on  the  "high"  side  of  the 
capacitance  probe. 

5.  The  shielded  lead  is  used  to  carry  power  to  the  capacitance  probe, 
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Aamttts  to  Fraae  12:    1.   JL      2.    ^      3*  JL  5. 

Frame  13 

As  we  mentioned  previously,  the  capacitance  Indicating  system  Is  more 
accurate  and  reliable  than  the  direct  reading  or  transt'ucer  operated 
Indicating  systems.    The  most  frequent  trouble  with  ^he  capacitance  Indicating 
system  is  water  (moisture)  in  the  container.    Moisture  can  cause  a  short 
between  the  probe  plates  or  cause  an  erroneous  read-out  on  the  Indicator. 
This  is  betause  water  (moisture)  has  a  different  dielectric  effect  thai* 
liquid  oxygen  on  the  capacitance  probe. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 1,      The  capacitance  indicating  system  is  more  reliable  than  the 

*  other  two  systems  we  discussed. 

 2.     Water  (moisture)  has  a  different  dielectric  effect  than  liquid 

oxygen  on  ^he  capacitance  probe. 

 ^3.     Moisture  on  the  probe  plates  can  cause  an  erroneous  read-out 

on  the  indicator. 

REMEMBER  YOUR  OXYGEN  SAFETY 


Answers  to  Frame  13:    1.      T        2.    T        3.  T 
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APROfiRAMMED  TKXT 


3ABR42331-PT-402D 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 
OXYGEN  SYSTEMS  SERVICING  AND  EQUIPMENT 


1  August  1978 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  base,  Illinois 


DESIGNED  FOR  ATC  COURSE  I^SE 


DO  NOT  USE  ON  THE  JOl 


FOREWORD 


Thif^  programmed  text  was  prepared  for  use  In  the  3A5R42331  Instruc- 
tional system. 

OBJECTIVES 

After  completing  this  programmed  text,  you  will  be  able  to: 

1.      Relate  four  (4)  of  five  (5)  oxygen  system  servicing  equipment 
components  with  their  purpose. 

INSTRUCTIONS 

This  programmed  tcrt  presents  material  In  small  steps  called  '^frames* 
After  each  frame  you  will  find  a  number  of  statements  and  you  are  asked 
to  select  the  statement/s  that  are  true  or  mark  true  and  false.  Read 
the  material  in  each  frame  before  making  a  selection.    The  answers  to 
each  frcme  can  be  found  at  the  top  of  the  next  page.    If  you  select  the 
correct  answers,  continue  to  the  next  frame.    If  you  are  wrong  or  in 
doubt,  read  the  material  again  and  correct  yourself  before  continuing. 

Note:    Upon  completion  of  this  programmed  text  you  will  use  the 
equipment  covered  in  this  text  while  doing  your  oxygen  lab  projects 
workbook. 


Supersedes  3ABR4223i-PT-315,  16  July  1971. 
OPF:    3370  TCHTG 
DISTRIBUTION:  X 

3370TCHTG/TTGU-P  -  600;  TTVSA  -  1 


Frame  1 

Th«  TTU-28/E  master  oxygen  test  gage  is  tised  when  performing  pressure 
leak  tests  on  a  liquid  oxygen  system.    The  unit  consists  of  a  0-AOO  pal  test 
gage,  a  gaseous  oxygen  filler  valve,  and  a  liquid  oxygen  filler  valve  adapter. 
When  attached  to  the  filler  valve  of  a  liquid  oxygen  system.  It  opens  the 
system  so  that  you  can  fill  the  system  vlth  gaseous  oxygen.    The  gaseous 
oxyg«i  filler  valve  Is  of  the  quick  disconnect  type  and  the  servicing  hose 
Is  released  from  It  by  moving  the  handle  clockwise. 


Figure  1.    Master  Oxygen  7e4St  Gage  TTU-2S/E. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 ^1.     The  TTU-28/E  Is  attached  to  the  filler  valve  of  a  liquid  oxygen 

system. 

 2*     The  servicing  hose  Is  released  from  the  gaseous  oxygen  filler 

valve  by  pulling  It  out. 


VJl 
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Answers  to  frame  1:    1*       T       2.       F  ^ 


Frame  2 

The  ultrasonic  leak  detector  is  also  known  as  an  ultrasonic  translator. 
It  Is  a  completely  transistorized »  battery  operated  instrument  that  detects 
sounds  within  the  ultrasonic  frequency  range  and  converts  them  into  sounds 
audible  to  the  human  ear.    Audible  sounds  within  the  normal  hearing . range 
are  not  picked  up  by  this  Instrument.    Other  than  normal  background  hiss> 
the  only  soundr    hat  are  heard  from  the  loudspeaker  are  ultrasonic  sounds 
that  have  been  i^onverted  to  audible  sounds.    The  unit  is  portable  and  has 
a  shoulder  carrying  strap.    The  major  components  are  two  probes,  a  lead 
assembly  for  attaching  probes  to  the  detector,  a  rubber  adapter  that  reduces 
the  area  of  coverage  of  the  probe,  and  a  headset.    The  headset  provides  a 
means  of  listening  when  plugged  in  by  cutting  out  the  loudspeaker.    On  the 
front  panel  of  the  unit  are  three  plug- in  Jacks,  a  volume  control,  an  OFF-ON 
toggle  s%rltch,  and  a  meter.    The  meter  indicates  the  level  of  sound  output 
in  declbles. 


Figure  2.    Ultrasonic  Leak  Detector. 
Check  the  following  statement/d  that  are  true. 

 ^1.      The  ultrasonic  leak  detector  is  a  completely  transistorized  unit.. 

2.      It  requires  an  external  power  source  of  28  voits  DC. 

 ^3.      Audible  sounds  within  the  normal  hearing  range  are  picked  up  by  the 

unit. 

 4.      Sounds  of  ultrasonic  frequency  are  cl.  verted  to  human  hearing  range 

 ^5.      The  loudspeaker  can  still  be  heard  with  the  headset  pluggtjd  in. 


Axismrs  to  frame  2:    !•       /  2.    3,    4,    -  / 

5*   


-  Frame  3 

Hie  MH-2  oxygen  regulator  tester  accurately  checks  the  regulator  demand 
diaphragm,  the  air  inlet  check  valve,  and  the  mask-to-regulator  hose* for 
leaks »    The  pressure  being  applied  and  the  degree  of  leiU^ge  occurring  can 
also  be  correctly  determined  with  this  tester •    Another  use  of  this  vaster 
is  to  det«naine  the  amount  of  oxygen  flow  from  the  regulator  in  the  EMERGENCY 
and  TEST  MASK  positions*    The  tester  has  a  pressure  gage,  flowmeter  gage, 
rubber  squeete  bulb,  rubber  bladder,  and  two  adapters.    The  pressure  gage 
Indicates  th^  pressure  in  laches  of  water  applied  to  the  regulator.  The 
flowmeter  indicates  any  regulator  leakage  in  liters  per -minute.  One 
connector  is  made  of  metal,  and  is  used  when  attaching  the  tester  to  the 
mask- correg\xla tor  hose.    The  rubberl%top  adapter  is  used  when  connecting  into 
the  outlet  port  of  the  regulator. 


^0 


Figure  3. 

*lark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 ^1.     The  MH-2  tester  is  used  to  check  the  air  inlet  check  valve, 

mask- to- regulator  hose,  rnd  demand  diaphragm  for  leaks. 

 2.     The  pressure  gage  indicates  in  inches  of  water. 

 3.     The  flowmeter  indicates  in  p^i, 

 The  teeter  is  connected  to  the  mask- "o-regulator  hose  by  using 

the  rubber  stop  adapter. 
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Answers,  to  frame  3:  1.  \  T 
Frame  4 


2. 


4. 


There  are  different  types  of  llctuld  oxygen  servicing  trailer^  In  use 
throughout  the  Air  Force*    The  exanple  shown  belov  Is  a 'type  TM(I-27/M« 


Figure  4.    Type  TMD-27/M  ?ervl<^ng  Trailer. 

Although  th%^  trailers  may  look  completely  different »  they  must  adhere 
to  certain  basics  .    All*  carts  consist  of  ai)  Inner  and  outer  ^ank,  and  have 
an  Insulating  material  between  ^e  tank^  Also,  the  area" b^b^een  the  tanks 
Is  evacuated  of  air,  Ujke  a  thermos  bottle.    All  unltiS  have'^a  capacity* gage 
and  a  pAressure  gage.    Safety  features  Include  tank  and  hose  relief  valves.  \ 
These  valves  are. of  the  automatfc-manual  pr  completely  autoniitlc  type.  The 
tank  relief  valve  prevents  an  excessive  buildup  of  pressure  yhen  the  tank  is 
presswlzed.    Excessive  pressure  may  be  caused  by  the  operator  falling  to 
close  the  bi^lld-up  valve  at  the  desired  pressure.    The  automatlc-maaual  valve 
can 'be  hknd  operated  to  relieve  the  pressi^ore.  ^The  hose  relief  valve  prevents 
rupture  of  the  servicing  hose.    When  the.tri^ler  servicing  valve  is  doled, 
and  the  hose- ^disconnected  from  a  ^converter  filler  valve,  trapped  liquid  in 
the  hose  turns  to  gai  \d.th  an  increase  in  pressure.    Again,  if  the  valve  is 
the  automatic-manual  type,  the  operator  can  relieve  the  hose  pressure.  If 
the  unit  develops  a  leak  in  the  inner  taivk,  a ^ means  of  pressure  relief  1^' 
pro  Tided  to  prevent  rupture  of  the  outer  tank.  '^^v 


Check  the  following  statement /s  that  are  trw. 

Certain  basics  must  be  {.Jhered  to  in  the  construction  of  trailers. 
1.     All  havje  an  inner  and  outer  tank.  \^ 
^3.     Air  is  pixmped  lnti>  the  area  between  the  tanks. 
4.     A  means  of  pressure  relief  via  provided  if  the  inner  tank  leaks. 


ERIC 


Answers  to  frame  4: 


2. 


3. 


Frame  5 


The  control  section  for  operation  of  all  oiobile  units  is  at  the  rear 
end  of  thp  unit.    The  control  section  shown  below  is  from  the  Type  TMU-27/M 
liquici  oxygen  servicing  unit.  ♦ 


Figure  5.    TMU-27/M  Liquid  Oxygen  Servicing  Trailer  Control  Section 

All  trailers  have  three  basic  valves.    The  first  is  a  V^t  valve.  It 
is  normally  open  and  is  closed  only  vhen  the  tank  is  to  be  pressurized  to 
force  the  liquid  out  of  the  tank*    The  second  is  a  buildup  valye.    It  Is 
normally  closed  and  is  opened  when  you  desJLre  to  build  up  pressure  in  the 
tank.    The  third  valve  is  referred  to  as  a  fill-drain  valve  on  some  tanks 
and  a  transfer  valve  on  others.    It  is  used  to  transfer  llgold  from  the 
tank,  through  the  transfer  hqse,  and  into  the  converter  to  be  filled.  If 
the  valve  is  referred  to  as  a  fill-drain  valve  the  tank  is  also  filled 
through  this  valve.    This  is  Cone  by  removing  the  servicing  hose  and 
attaching  a  larger  hose  that  is  connected  to  a  storage  tank  of  500  gallons 
or  more.    If  it  is  referred  to  as  a  transfer  valve  the  tank  has  a  seffarate 
fill  point  and  an  additional  valve  is  installed. 


The  transfer  hose  is  constructed  of  an  inner  and  outer  hose  which  have 
insulation  between  them.    Hoses  are  steel  wire  .wrapped,  have  an  aluminum 
I3cuff  guard,  and  a  standardized  servicing  nozzle.  ^ 

'llark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 
 ^1.      Three  basic  valves  ara^  retouired  on  all  units.  - 

J 

 2.      The  vent  valve  is  normally  closed. 

 3.      The  buildup  and  fill-drain  or  transfer  valves  .are  normally  closed. 


^         All  transfer  hoses  are  steel  wire  wrapped. 


JS.      The  servicing  nozzles  are  standardized < 


Answers  to  frame  ^:  1. 


2. 


3. 


4. 


5. 


Frame  6 

The  type  ITU-162/E  liquid  oxygen  converter  tester,  shown  below,  is  used 
th6  sho^  for  bench  checking  liquid  oxygen  converters.    The  vacuum  space, 
aild-up  time,  operation  of  the  pressure  closing  valve,  design  flow,  and  the 
jystem  relief  valve  opening  pressure  and  reseating  leakage  can  all  be 
checked  to  determine  operational  Suitability.    Although  Air  Force  type 
TTlIrl62/E  convjcrter  testevs  may  look  d:«ffereiit,  they  all  have  the  same 
basic  components.  <f 


Figure  5.    Type  TTU-162/E  Converter  Tester. 


No  response  required. 


7  ~* 


Frame  7 


Ihown  below  is  a  typlcaJ.  TTU-i62/E  control  panel.    On  the  panel  are  / 
three  valves;  the  supply,  buildup,  and  v«it  valvedf~St  the  ri«ht  of  the  ^ 
panel-  are  the  supply  pressure  and  Dulldup  preb^ure  gages  which  indicate 
fromJD  to  600  psi.    Three^ flowmeters  are  provided.    The  evaporation  loss 
flowmeter  is  used  whan  checking,  the  coif^^erter  vacuunr.    The  leakage  flowmeter 
checks  the  system'  relief  valve  tor' proper  reseating  after  opening.    Tlr^e  large 
flowmeter  with  the  tempetature  indicator  above  it  is  in  une  when  checking 
a  converter  assembly  for  design  ^low.    When  the  supply  valve  Is  ofen,  gaseous 
oxygen  flows  throu^  this  unit  and  passes*  the  temperatxdre  Ijidicator  as  it 
flows  overboard;    Three  connectors  are  provided  for  attaching  the  raster 
to  the  converter  under  test  and  the  necessary  evaporator  coils.    These  connections 
may  be  standard  or  of  the  qulck^d^s connect  type.    An  esdiaust  vent,  which 
Is  an  out:letr^for  liquid  to  spill  from  when  filling  the  converter,  is  used 
as  a  test  po«t  when  checking  converter  vacuum. 
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Figure  7,    Liquid  Oxygen  Converter  System  Tester  Type  TTU-162/E. 
Mark  the  following  statements  with  a  T  for  True  or  an  T  for  False. 
*  ^1.      The  three  valves  are  titled  supply,  buildup,  and  vent. 
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 2.     To  check  the  converter  vacuum  space  the  evaporation  loss  flcw- 

neter  Is  used.  * 

_^3.      Liquid  oxygen  flows^rough  the  supply  flowmeter. 

— Liquid  oxygen  fiows  from  the  exhaust  vent  when  a  converter  is  filled. 

9  i 
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Ansveri  to  frame  7:  1, 


V, 


3. 


4. 


Fraat  8 


Th«  gMftoua  oxygen  servicing  cart,  shown  below,  Is  the  Air  Force  Typ*. 
02  unit  which  can  handie  two  gaseous  oxygen  Ptorage  cylinders.    It  consists 
of  a  two  trtieeled  hand  cart,  pressure  regxxlator,  oxygen  purifier,  and  a  servicing 
hose*    At  the  end  s^^^e  hose  If  a  hand  w^eel  type  charging  valve*    The  valve 
has  a  standard  adapter  that  will  connect  to  a  gaseous  oxygen  filler  valve.  ' 
Two  oisygen  storage  cylinders,  which  contain  approximately  ^2200  psl  when  full, 
are  connected  by  a  common  manifold  to  th^e  p'ressure.  regulator.  y 
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\  No  response  required".^ 
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Figure  8. 
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'  Frame  9 

^  -  - 

,  The  first  siep  li^  operation  of  the  unit  is  to  determine  which  cylinder 

,  has  enough  pressure  for  your  immediate  nrfeds.    the  cylinder. with  the 
J^ovggt  "g^^ble  pressure  is  always  used  first .    This  is  known  as  cascading. 
This  is  done  by  open4.ng  a  storage  ^cylinder  valve.    Oxygen  enters  the  manifold 
at  cylinder  prassure  up  to  the  inlets  side  of  the  pressure  regulator.  The 
storage  cylinder  pressure  is  indicated  on  the  cylinder  pressure  gage  at  this 
time.    A  pressure  reading  is  taken  and  the  valve  Is  closed.  •  The  pressure 
reducfj  handle  Xs  turtied  in  unt^il  about  10  ^si  is  indicated  on  tl  a  reduced 
pressure  gage/   At  thJLs  time  the  operator  >jnist  open  the  charging  valve  until 
both  pressure  gages  drop  torzero  to  bleed  the  manifold  and  servicing  ho«e. 
The  operator  must  never  poitft  the -charging  valve  at  himself,  other  persons, 

*i walls  6r  equi^nt  be<;ause  if  the  hazards  l^firolved  In  the  use  of  compressed 
gasos  or^^ir.    The  charging,  valye- Is  reclos^  and  the  pressure  reducer  handle 
backed  out.    The  second  cyliiWer  is  opened  and  a  reading  Is  taken  of  its  pressure, 
Th%  cylinder  with  the  lowest  usuable  pressure  is  used  first.    The  same  procedure 
miist  tfe  4sedigwhether  usin»  the  02  cl^jrt  or  larger  wits  that  have  six  or  twelve 
mounted  storage  cylinders.    Nc    more  than  one  cylinder  should. be  open  at  any  • 
time  because  the  ^se^ti3  oxygen  will  flow  from' the  cyllnder^of  higher  pressure 
Into  the  one  of  lower  pressure  until  the  pressures  equalize. 

CYUNOCK 
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Mark  thd  following  sta'tements  with  a  T  for  True  or  an  F  for  F^I^e* 
 The>flrst  cylinder  to  be  used  must  have  the  lowest  usable  pressure, 


 2*      Only  one  cylinder  must  be  opened  at  a  time. 

/Ji.      Pressures  will  uox  equalize  if  more  than  one  cylinder  is  open. 


Answers  to  frane  9:    1.       T  ' ,  2. 


3. 
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Frame  10  .  • 

To  reduce  cylinder  pressure,  the  pressure  reducer  handle  is  turned  out 
slowly  (counterclockwise) .    The  pressure  is  indicated  on  the  reduced  pressure 
gage.    Gaseous . oxygen  flows' into  the  servicing  hose  at  this  redu(;ed  pressure. 
When  the  charging  valve  iis  opened,  oxygen  will  flow  into  the  unit  being  serviced. 
The  flow  continues  unLll  the  reduced  pressure  set  by  the  regulator,  Is  reached. 
At  this  point,-  the  ^regulator  automatically  stops  the 'flow.    If  the  unit  being 
serviced  is  open  to  an  overboard  vent,  oxygen  will  flow  continuously  ^t  the 
reduced  pressure* 
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Figure  10. 

Chgck  the  following  statement /s  that  are  true. 

 1.      The  pressure  reducer  handle  is  backed  out  to  reduce  pressure. 

 2.     When  the ^ preset  reduced  pressure  is  reached  the  flow  stops' 

automatically.  * 
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^XnaWers  to  frame  10:    1.       /  ♦        .2.  / 


\ 


Frame  ^1 

Capacitance, Type  Liquid  Quantity  Systexus  Test ^et  Model  TF-20-^1 
is  a  compact  portable  instniment  which  is  used  for  tesi-ing  ^nd  c  Vibrating 
aircraft  liquid  oxygen  converter  probes,  indicators  and  complete  gauging  / 
systems.    Tests  can  be  performed  with  the  ga^^ing  system  installed  in  thesj 
aircraft,  or^^wlth  system  components  remove4^'^from  the  aircraft  for  bench 
tests  in^tfie  laboratory,  shop  or  .field.    ^        ^  ^  ♦  * 


Figure  11.  Capacitance  Type  Liquid  Quantity  Systems  Tester  Model  TF-70-1. 
No  response-  required. 
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Fr«M  12  * 

J  \ 

The  test  set  Includes  a  waterproof  case,  adapter  cables »  and  special 
adapter  harness  asseniblies  for  different  aircraft.    Circuitry  Is  provided  :i 
for  aeesurlng  capacitance,  d--c  electrical  resistance,  and  f or  >slmulatlng  *^ 
the  capacitance  of  cdmpensbted  and  uncoupensated  type  tanic  probes.  This 
ceater  operatM  from  a  power  source  of  115  volts  *^at  AOO  cps.  The^ront 
panel  contains  a  capacitance  indicator,  megohnmeter,  adapter  cable  connection 
points,  and  all  operating  controls.    Yofu  will  use  the  TF-20-1  Tester  when 
doing  Project  No.  11  (^f  *your  Lab  workbook. 


Figure  12. 


Mark  the  following  statements  with  a  T  for  True  or  an  F  fo^  False. 


1,  Oiuy  one  tjj^  aircraft  can  be  checked  with  the  TF-20-1.* 

2.  The  test  set  operates  on  115  volts  AOO  cps. 


^3.     AJlI  controls  foi^  operation  are  on  the  front  panel, 


Answers  to  frame  12:  1. 


2. 


3. 
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'^Bkrrironmentaa  Pneudraulic  Branch  3ABI!i+2331  -H0-U02 

Chanute  AFB  Illiiaois  61869  *  30  June  19/3 

FpHKLGN  OBJECT  JIAMAGE  PHEVESTION  AND  COMPOSITE  TOOL  KITS  (CTK^ 

Dollars  out  of  your  pocket!!    Sounds  drastic,  doesn't  it?  Everyaay 
throu^out  the  military,  thousands  of  dollars  are  wasted  through  foreign 
object  "damage  (FOB) .    These  initials  -  POD  -  are  probably  new  to  you,  but 
,  during  your  iptay  In  the  Air  Force  they  will  become  familiar  to 'you. 

Porei/m  Ob.'^ct  Damage  is  caused  by  a  variety  of  things,  mostly  man-made. 
A  j&echanic  installs  a  new  engine  ^bleed  valve.    During  his  installation  he* 
drops  a  ^  bolt  (sounds  pretty  small,  right?).    In  his  haste  to  complete 
^  the  Job  he  fails  to  check  the  area  for  FQD  items.    !Ilhis  small      bolt  is 

^        eaten  by  the  engine.    Qogines,  you  will  find,  have  a  big  appetite,  ^^hey 
will  ea'.  snjthing  that  can  pass  their  inlet:    bolts^  nuts',  safety  wire, 
tools,  rocks,  even  j»ar  defenders  and  hats.    The  bolt,  \^le  being  digested 
by  the  engine,  nicks  two  ccmipressors  and  three  tu2;bine  blades^    This  damage 
does  not  beoome  known  until  the  pilot  advances  the  throttles  on  takeoff.  ^ 
>  The  turbine  blades  crack,  causing  the  engine  to  be  out  of  balai^ce.  The 
engine  disintegrates,  rapturing  the  fuel  cells.    Scratch  one  aircraft, 
eight  people  (four  bkbu  members  and  a  family  of  four)  as  the  aircraft 
crashes  on  a  hi^^iway  wo  miles  from  the  end  of  the  runway.    Althou^  this 
is  ficititious,  incidents  such  as  this  have  happened  and  will  ontinue, 
unless  we  all  practice  good  POD  preventxon. 

.  In  dollars  alone ,^ we  spend  miJLlions  that  need  not  be  spenir  from  damage 
caused  by  foreign  objects.    In  1^76,  SAC  alone  sjent  over  a  million  dollars 
«  dueiito  FQD.  -This  includes  damaged  engines,  tires,  equipment  and  persdnal 

injuries.  ^         ^  " 

We  all  c(^laln  about  spending  o\ir  money,  especially  when  we  have 
'     nothing  to  show  for  it^  POD  is  a  major  drain  on  your  pockety    Being  in 
the  Air  PorcQ  you  tend ''to  lose  twice.    How?   First,  youp  tax  dollars  must 
be  &ed  to  remedy  FOB,  they  most  pay  to  replace  or  repair  items  damaged 
by  POD.    Secondly,  since  the  Defense  budget  is  fixed  (you  get  a  Set  amount 
to  operate  on  forgone  yetar),  the  more  you' spend  Which  you  do  not  need  to, 
the  less  you  have  to  opeicate  on  a  d^ly  badis.    As  an  exantple  of  this:  if 
^  .  a  B-52  tire  is  damaj^  Ixy  POD,  $230.00  is  spent  out  of  the  Air  Force  Jbudget. 
This  is  1280.00  less  you*  11  have  to  spend  on  new  equipment  to  make  your  Job 
a  li4rtle  easiea;.    It  is  re«dly  a  heedless  expense,  so  practice^  goo^  POD 
.    prevention,  it  makes  good  senile!  .  '  » 

While  doing  your -pitojeots,  you  will  *be  required  to  practice  FOD  preven- 
tion,   lihis  ;Qeans  ycni  will  use  ciare  i;iot  to  allow  nuts,  bolts,  safety  wire, 
etc.  to  be  lei^  in' your  work  area^whe^n  you  caaplete  you*  assigned  'job.  -Use 
the  magnet  provided  to  xremove  alV  traces  of  FOD. 

w  '         '  - 
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CI«an  up  your  inject*  area.    If  your  instructor  finds  POD  items 
during  his  ixispeotion  ,of  your  project,  you  will  be  required  to  reaccom- 
pli^  the  project.    This  in  treated  the  same  as  a  technical  error  and 
a  failure  will  t..  entered  in  your  progress  redord..  Get  used  to  it  now.,, 
slnoe  it  will  oeccme  t  pairt  of  ytnir  everyday  life  during  yom.  Air  Po3xe 
career. . 

Vfhlle  you  are  da^ng  your  projects,  you  will  also  use  a  Consolidated  ^ 
Tool  Kit  (referred  to  as  a  CTK).    The  CTK  program  is  one  of  many  integral 
parts  of  the.  FOD  progiaR:«    This  k^t  is  a  quick  means*  of  identifying  lost  ^ 
or  misplaced  tooljs.    They  are  made  in  many  forms,  such  as  tags,  shadow 
boards,  metal  and  wooden  bozes«    Sos&e  ^are  even  designed  to  fit  into  brief- 
cases. ^  ; 

1  CTK  ^8  one  of  these  containers  mentlonisd  and  is  .usually  filled  with 
^strips  of  s^^rrofoam  or  acme  type  of  ^pdngy  material.    A  ailhouette  of 
that  tool  is  cut  out  and  usually  painted  e  specific  color.   The  tools  re-^ 
qtdred  to  do  the  job  are  then  placed  in  the  container.    This  is  done  so  . 
that  any  shortage  can'  inatnitly  be  identified. 

If  any  shortage  does  ocout,  you  can  easily  -xnd  the  tool  since  you 
have  not  left  the  job.    You  mdst  backtrack  until  you  find  the  tool.  This 
will  prevent  FDD  and  -pexhafB  .^ave  thousands  of  dollars  in  POD  damage. 
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OXYGEN  SYSTEMS  OXYGEN  Liffl<^ORY  PROJECTS 


OBJECTIVES 


The  objectives  for  each  project  is  glven^in  the  heading  of  the 
Indlvldual^rojects.    Read  the  objectives  to  determine  the  task  that  is 
to  4>e  doffe  and  the  equipment  you  will      -d,  ^ 

EQUIPMEliT 


Oxygen  System  Trainer  Number  3251  - 
Go^o-Go  Gage 
Te»t\Gage,  TTU-;-28/E 
Leak] Tester,  ^-2  | 
Sonic  Leak  Detector 
Liquid  Oxygen  System  T^ter,  TF-20-1 

Type  TTU-162/E 
Hot  Purge  Klt^ Heating  Assembly 
Oxygen  System  Trainer  Number  1762 
^^^ster  Type  MH-1 
LOX  Trailer,  TMU-27/M 
LOX  Trailer,  A-1 
Pressure  Demand  Regulator,  D2-A 
Demand  Regulator 
TO  15X-1-1 

INFORiJ^TION 


Basis  of  Issue 

1/student 

1 /student 

1/student 

l/student 

l/student 

1/s  tudent 

1/student 

l/student 

l/student 

1/student 

1/student 

1/student 

l/student 

1/student 

1/student 


If  you  cannot  find  the  equipment  that  Is  used  with  ^ project*  call 
an  instructor.    Any  test  equipment  used  will  be  put  back  in  the 
same  manner  that  it  was  found. 


One  of  the  most  important  things  the  instructor  will  check  you  on 
la  safety  while  you  work  in  the  oxygen  laboratory.    Do  not  take  any 
chances  with  liquid  oxygen  (LOX).  or  with,  the  electrical  equipment. 
WORK  SAFELY. 

Read  all  Instructions  carefully.    If  in  doubt,  ask  your  instructor 
for  help.    Your  instructor  will  move  you  to  the  work  area  for  each 
P^oJ,gcj^^You  will  use  the  list  of  equipment  as  directed  by  the  various 
labpratory  projects.    Each  project  has  a  list  of  specific  procedures. 

SPECIAL  SAFETY  PRECAUTIONS 

There  will  be  no  danger  with  any  of  the  projects,  if  you  follow 
instructions-c-^An  instructor  will  be  available  dt  all  times  to  help  ycu. 

You  wlAl  wojk  with  liquid  oxygen  (LOX).    You  must  locate  and  observe 
all  safety  points^  that  must  be  followed  when  handling  LOX.    To  help  you 
we  have  made  a  list  of  the  safety  points. 
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1\     Hazards  of  handling  liquid  and  gaseous  oxygen. 

a.     Liquid  oxygen  In  cpntact  with  the  skin  will  cause  frost- 
bite and  bums. 

^  b.    .Wheo  liquid  oxygen  Is  mixed  ti7lth  fuels  It  will  cause  a 

dangerous  explosive  hazard*  ^ 

y^.      Froien  fuel/llquld  oxygen  mixtures  are  "shock  sensitive." 

d.     When  gaseous  oxygen  Is  absorbed  In  clothing  It  will  stay 
^or  some  time  • 


2.     First  aid  procedures. 


a.      If  liquid  oxygen  gets  In  the  eyes,  Imiaedlately  flood 
the  eyes  with  water.    (See  the  Instructor  for  the  water  location.) 

lb.     If  liquid  oxygen  gats  on  the  bare  skin,  thaw  the  area 
by  flooding  with  water.  ^  * 

c.      Get  medical  treatment  Immediately  If  liquid  oxygen  gets 
on  the  skin  or  In  the  eyes. 

3.     Safety  precautions. 

a.  Remove  all  your  jewelry  now. 

b.  Tbere  will  be  NO  SMOKING  In  the  oxygen  laboratory  at  any 

time. 

c.  Personnel  must  wear  the  proper  face  shield,  apron,  and 
gloves  vrtien  handling  liquid  oxygen.    This  equipment  Is  provided  In  the 
laboratory  ^or  your  use.  -  — ^ — — ^ — -   

d.  You  muPit^l^d  sections  In  TO  15X-1-1  that  give  polnt>  on 
oxygen  safety  and  oxy^v-»n  servicing  equlptnent.    Ask  your  Instructor  for 
the  page  numbers  and  ^    :agraphs  you  are  to  read.  \  > 

PROJECT  NUMBER  1:    INSPECTS  OXYGEN  SYSTEM 

OBJECTIVES 

After  completing  this  project,  you  will  be  able  to: 

1.  Follow  Inspection  work  card  Instructions  (AFTO  Form  26)  to 
Inspect  the  condition  of  an  oxygen  system. 

2.  Use  a  GO-NO-GO  gage  and  trainers  to  check  the  cond^ition 
of  the  raask-to-regulntor  hose  coiinectors.  ^ 

Standard  of  Performance: 

Your  ability  to  reach  the  ooj^ctlves  of  this  project  will  be 
evaluated  by  an  instructor,  using  a  criterion  reference  checklist. 
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PROCEDURES 


'  1.  Check  all  the  Items  on  the  inspectlpn  work  card*  vrnen  you 
reach  step  9,  obtain  the  GO*^NO-GO  gage  from  locker  fl. 


A 

SECTION  A'  .GO  GAGF-OiAM  76St 
SECTION-i  *.NO  GO  GAGt-OIAM  768 


Figure  1. 


V  ■ 

GO-NO-Gto  Gage . 


2.      Use  the  GO-NO-GO  gage  to  chteck^the  inside  diameter  of  the 
female  connector  on  the  mask-to-regulator  hose  on  trainers  in  the 
lab.    Have  ttLft^4fl«Tuct6r  check  your  work.    Identify  worn  connectors 
to  the^inflrfructor. 


MASK-TO-IEGUIATOR  HOSE 


FEMALE  CONKECTOlv^ 


Figure  2*    Using  the  GO-NQ-GO  Gage. 
5 

20!) 


Hot*:    As  shown  In  figures  1  and  2,  *'A*'  of  the  gage  is  the  "GO" 
(small  dian^ter)  part  and  "B"  is  the  '•NO-GO"  (large  diameter) 
part . 

It  the  gage  in  the  female  connector  of  the  mask^to-regulator 
in  figure  2.    Push  the  gage  straight  in,  but  do  not  force 
£t.    A  sllgl^rocklng  or  twisting  motion  may  he  used. 

The  "GO"  part  of  the  gage  (A)  Is  small  and  should  slip  tWough 
the  smallest  internal  diameter  of  the  connector.    The  "NO~GO"  part^B) 
should  not  go  through  the  small  part  of  th%  connector.    If  it  doee,  the 
connector  has  too  much  weax^and  must  be  replaced.  '    /  ; 

PROJECT  NUMBER  2:    PURGING  LIQUID  OXYGEN  SYSTEM  (COLD  PURGE) 
OBJECTIVES 

At  ar  completing  this  project ,  you  will  be\ble  to: 

1.  Use  the  master  oxygen  test  gage  TTU-28/E  to  purge  (clean)  a  # 
liquid  oxygen  system. 

2.  Transfer  gaseous  oxygen  from  a  gaseous  oxygen  storage  cylinder, 
through  a  liquid  oxygen  system  trainer   to  a  liquid  oxygeK  system, 

3.  Use  the  liquid  oxyg^ system  trainer  to  purge  a  liquid 
oxygen  system. 

4.  Chg,ck  phe  pressur^  of  a  gaseous  oxygen  storage  cylinder. 
Standard  of  Performance: 

Yoi^r  ability  to  reach  the  objectives  of  -his  project  will  be 
evaluated  by  an  instructor. 

PROCEDURES 

1.      Prepare  the  trainer. 

a.  Check  the  liquid  quantity  gage.    The  system  must  be  empty. 
If  the  system  is  not  empty,  the  liquid  oxygen  converter  will  have  to  be 
drained.    When  yoi^  work  on  an  aircraft,  check  the  technical  orde*:  for 
the  proper  procedures. 

b.  Place  the  oxygen  regulator  supply  switch  to  ON  and  the 
emergency  switch  to  EMERGENCY.    This  is  for  the  D-2A  regulate r. 

Note:    To  purge  a  system  on  the  flight  line,  first  vent  the  mask- 
to-regulator  hose  or  hoses  to  the  outside  of  the  aircraft.  This 
can  be  done  through  an  open  canopy,  hatch,  or  entrance  way.  This 
will  stop  the  buildup  of  an  oxygen  rich  a.tmosphere.    Am  oxygen  rich 
atmosphere  is  very  dangerous. 

c.  Place  the  buildup  and  vent  valve  to  the  vent  position. 
Take  the  hardle  from  the  clip  and  the  dust  cap  from  £he  oxygen  filler 
valve. 
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CASeOV^  OXYGCN 
Flllfi  VAIVE 


Figure  3.    Master  Oxygen  Test  Gage  TTU-ZS/E, 


d.     Connect  the  TTU-28/E  master  test  gage  to  the  trainer. 
Screw  Che  llqilid  oxygen  filler  valve  adapter  of  the  gage  (figure  3)  on 
the  threaded  part  of  the  liquid  oxygen  filler  valve. 

Note:    On  some  aircraft,  the  buildup  and  vent  valve  handle  woul* 
have  to  be  removed  to  place  the  system  In  the  buMdup  position, 
with  the  master  gage  connected.    However,  on  the  trainer  It  Is 
not  necessary, 

2.     Pre^pare  the  Ga^ous  Oxygen  Servicing  Unit  (see  figure  4)  . 

r..     Check  to  be  sure  that' the  pressure  reducer  handle  is  backed 
out  (turn  counterclockwise  (CCW)  and  is  free  to  turn  (figure  4)), 

b.  Slowly  open  the  oxygen  cylinder  valve  and  watch  the^  oxygen 
high  pressure  gace  (figure  4)  .    If  you  have  an  oxygen  cylinder  with  a 
pressure  of  less^han  400  psl,  as^  your- Instructor  for  more  Instructions 
before  continuing. 

Note:    Do  not  drain  cyllnoers  below  50  psl.    A  charge  of  50  psl , 
or  more  in  the  cylinders  will  stop  the  accumulation  of  moisture 
in  the  cylinders, 

c.  Slowly  turn  (clockwise  (CW)  the  pressure  reducer  handle 
(flgt^re  4))  until  t^e  reduced  pressure^ gage  reads  50  psl. 

d.  Open  (CCW)  the  charging^valve  handle  (figure  4)  on  the 
fupply  hose.    Purge  the  hose  for  ten  (10)  seconds.    Close  (CW)  ♦he 
charging -valve.    BE  SURE  TO  POINT  THE  NOZZLE  AWAY  FROM  YOURSELF,  OTHERS, 
AND  WALLS . 

Note:    Purging  removes  any  contaminants  (dirt  or  moisture)  that 
any  be  Inside  the  hose. 
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HIGH  PRESSURE 
GAUGE 


OXYGfN 
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Figure  4.    Gaseous  Oxygen  Servicing  Unit* 

e.     Connect  the  charging  valve  to  the  g^eous  oxygen  filler 
valve  (figure  3)  on  the  master  test  s^^ge.    The  gaseous  oxygen  filler 
valve  Is  a  qvlck  disconnect  unit.    ¥he  adapter  on  the  charging  valve  will 
look  automatically. 

3.     Purging  the  system. 

a.  Place  the  oxygen  regulator  supply  switch  ON. 

b.  Open  the  charging  valve  on  the  supply  hose. 

c.  Readjust  the  pressure  reducer  handle  to  keep  a  flow  of 
oxygen  to  the  TTU-28/E  test  ga^>.       50  psl. 


d.      Allow  oxygen  to  flow  through*  the  system'^Cg/  ^  minutes. 

Note:  In  the  field  use  the  purge  timef  and  steps  that  are  In  the 
N   technical  order  for  the  aircraft  on  which 'you  are  working. 
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€•     C^lole  the  charging  valve  on  the  supply  hose. 


£.     Plac^(the  oxygen  regulator  supply  ^wltch  OFF. 

g.     Place  the  regulator  emergency  switch  tfb  the  NORMAL  position. 

Back  out  the  pressure  reducer  handle  on  the  sen^clng  unit. 

Note:    The  system  Is  now  purged.    T.u  the  field  the  aircraft  should 
be  serviced  with  LOX  within  two  hours^ after  It  has  been  purged. 

1.     Thi^^s  ends  the  project  on  cold  purging.    Leave  the  trainer 
and  servlclngr'unlt  as  Is  and  start  on  the  next  project. 

PaOJECT*  NUMBER  3:    LIQUID  OXJGEN  SYSTEM  PRESSURE  LEAK  TEST 

OBJECTIVES  -  ' 

After  co!H)letlng  this  project,  you  vl^l  be  able  to: 

1.  Use  the  master  oxygen  test  gage  TTU-rZS/E  to  make  a  pressure 
leakage  test.  ^ 

2.  Transfer  gaseous  oxygen  from  a  gaseous  oxygen  storage  cylinder 
to  a  liquid  oxygen  system  t^ralner. 

3.  Make  a  pressure  leakage  te]^  on  a  liquid  oxygen  system 
trainer.  ^ 

4.  Check  the  pressure  of  an  oxygen  storage  cylinder.  ^ 


Staqtdard  of  Performance: 


Ygbr  ability  to  reach  the  objectives  of  this  project  will  be 
evali^ed  by  an  instructor,  using  a  cri^ffrion  reference  checklist. 

..  J 

1.  ie  iTure  that  the  TTU-28/E  t?j^  gage  and 'servicing  hose  are  still 
connected  ^Tx^^pie  trainer. 

2.  Place  the  buildup  and  ^*ent  valve  handle  to  the  BUILDUP  position. 

•■   *  ^ 

3.  Turn  the  oxygen  regulator  supply  switch  to  the  OFF  position. 

4.  Open  the  charging  valve  on  the  supply  hose.  . 

5.  Slowly  turn  IN  the  pressure  reducing  handle  on  ttie  servicing 
unit.    Charge  the  system  to  300  psi.    Use  the  TTU-28/ETMt  gage  tOs 
check  the  pressure. 

6. "^    Clbae  the  charging  valve  on  the  gaseous  oxygen  supply  hose. 
Disconnect* the'^charging  valve  from  the  test  gage. 
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7*     The  pressure  shown  on  the  TTU-28/E  test  gage  Is 


psl. 


8.  Close  the  oxygen  cylinder  valve  and  back  OUT  the  pressure 
reducing  handle.    Open  the  charging  valve  and  bleed  the  pressure  from 
the  manifold  and  charging  hose.    Be  sure  to  point  the  nozzle  aw ay^  from 
yourselF,  others  and  walls.  ♦  " 

9.  Let  th^j'ystem  stahd  for  15  minutes.    (30  minutes  Is  normal  time 
for  an  aircraft  system.)  \  '\ 


i 


10.     The  pressure  in  the  system  now  Is 


 psl.    Subtract  this 

reading  from  the  first  reading.^  The  difference  Is   psl.^ 


MAXIMUM  ALLOWABLE  PRESSURE  LOSS  FOR  THE  15  MINUTE  TEST 


.  / 


5|  liter  converters 
8  liter  converters 
10  liter  converters 
20  liter  converters 
25  liter  converters 
75  liter  converters 


6.0  psl  drop 
3.5  psl  drop 
2.5  psi  drop 
2 .0  psl  drop 
1.5  pal  drop 
none  is  allowed 


4,1.  If  leakage  Is  more  than  the  listed  value,  the  leaks  wj.ll  have 
to  be  found,  and  Identffled  to  your  Instructor.- 

This  ends  this  project.    Leave  che  trainer  as  Is  and  start 
the  next  project. 

Ju...  _. 

OBJECTIVES 


PROJECT  NUl^ER  4: ->^LOCAIING  OXYGEN  SYSTEM  LEAKS 


After  you  have  done  this  project,  ye^u  will  be  able  to: 

1.  Use  an  ultrasonic  leak  detector, to  check  for  oxygen  system  leaks. 

2.  Use  the  LEAK  TEC  solution  to  check  foi^  oxygeit  system  leaks, 

3.  Explain  the  operation  of  tho  ultrasonic  leak  detector. 

4.  Explain  the  use  of  the  LEAK  TEC  solution  to  check  for  ox>^ge- 
system  leaks. 

Standard  of  Performance: 

Your  ability  to  reach  the  objectives  of  this  project  will  be 
evaluated  by  an  instructor,  using  a  criterion  reference  checklist. 

PROCEDURES 

1.      Use  of  the  Ultrasonic  Leak  Detector. 

Note:    Refer  to  flgu?e  5  as  you  get  ttie  detector  ready  for  use. 
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/  a*     Take  the  probe  assembly  from  the  top  of  the  carryfhg 
case  and  the  lead  assembly  from  li^lde  the  cover  o€  the  case*  ^ 

b.  Plug  the  lead  into  tAe  probe  assembly* 

c.  Plug  the  other. end  of  the  lead  into  tfie  jack  mark^  PlJbBE* 

d.  Place  the  switch  to  the  ^  position, 

e.  Turr  the  volume  control  to  the  right  to  get  more  volume* 

J  r 

f .  Blow  into  the  PfeOBE  to  check  for  sound  output.  Readjust 
the  volume  control  if  necessary.  ,    .  \ 

*  g.     Slowly  move  the  probe  over  the  tubing  and  all  fittings 
to  dieck  for' leaks*    A  leak  will  cause  the  unit  to  make  a  sound.  As 
th^  j)robe  is  moved  close' to  a  leak  the  sound  will  get  louder. 


h.  /  Have  an  instructor  check  ydur  work* 


I.  /  H 


1.      Turn  the  tester  switch  to  the  OFF  position.^ 


j.^   If  no  leaks  are  f(kind,  put  the  lead  assembly  back 
in  the  carrying  case  cover,  put  the  probe  on  top  of  the  case* 


2.      Use  of  LEAK  TEC  ^oap)  Solution. 

.    a.      Shake  the  bottle  .of  ^.EAK  TEC  solution  well^  to  form  small 
bubbles .  \  * 

b.  '    Put  the  solution  on  the, fittings  conMirtlng  the  plumbing 
and  components  of  the  oxygen  system  trainer.  ^ 

c.  If  there  is  a  leak,  the  LEAK  flTEC  solution  will  fcrm  more 

bubbled* 

d.  Be  sure  to^lwipe  off  any  excess  LEAK  TEC  solutign  from 
the  trainer. 

e.  This  ends  this  project  on  locating  oxygen  system  lekks. 
Ledve  the  trainer  and  servicing  unit  as  is  and  start  on  the  next 
project.  * 
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Flguia  5.    Ulrtraaonlc  Translator  Detector, 


PROJECT  NUMBER  5:    PERFORMING  A  REGULATOR  DEMAND  VALVE  LEAK  TEST  WITH  THE 

TESTER 

OBJECTIVES 

After  conq>leting  this  project  you  will  be  4ble  to  use  the  MH-1  demand 
valve  leak  tester,  a  soap  solution  and  an  oxygen  trainer  to  make  a' regu- 
lator demand  valv    leak  te&t\  ^ 

' Standard. Performance: 
'  t 

Your  ability  to  reach  the  objective  of  this  project  will  be  evaluated 
by  an  instructor^^using  a  driterion  reference  checklist, 

f  \ 

..     ^       12  ^ 
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PROCEDUBES 


I.*  fplug  end  "A"  of  the  MH-l  tester  (figure  6)  into  the  female 
connector  of  th«*  mask-to-regulator  hose.. 


MX 


Figure  6.    MH*1  Demand  Valve  Leak  Tester, 

2.  •  Place  the  regulator  emergency  switch  to  the  NORMAL  position, 

3.  Place  the  supply«svitch  to  the  OFF  positio^. 

4.  Shake  the  bottle  of  soap  solution  well, 

5.  Squeeze  some  of  the  solution  onto  ^our  finger, 

6.  Afply  the  solution  across  end  "B"  of  the  MH-1  tester  (figure  6) 
to  form  a  film  of  soap.   ^  ^ 

?•      If  a  bubble  forms  from  the  "B"  port  and  breaks  on  the  pointed 
ho^  in  less  than  8  seconds,  the  demand  valve  leaks  too  much.    If  the 
bui>ble  stays  under  the  pointed  hook  for  more  than  8  seconds,  the  leakage 
is  within  tolerance.    The  regulator  must  be  changed  if  it  leaks ^too  muchr 

8,      This  ends  the  demand  valve  leak  test.    Start  the  next  proJecP; 

PROJECT  NUMBElte:    OPERATIONAL  CHECK  OF/AN  Omi^N  REGULATOR  ^ 

OBJECTIVE  V^yf 

After  <o!iq)letlng  this  project,  you  will  bd^  able  to  use  an  oxygan 
masj^  and  an  oxygen  system  trainer  to  make  an  operational  (jheck  of  an 
oxygen  system. 

Standard  of  Performance: 

YdTur  ability  to  reach  the  objective  of  this  project  will  be 
evaluated  by  an  Instructor,  using  a  criterion  reference  checklist. 

PROCEDURES  \ 

!•      Connect  the  oxygen  masrk  to  the  mask  to  regulator  hose. 

-    2.      Place  the  oxygen  regulator  supply  switch  to  the  Ollt  position, 
the  dlluter  switch  to  the  NORMAL  position  and  the  emergency  switch  - 
to  the  NORMAL  position. 
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3«.     Breathe  normally  through  the  mask  and  watch  the  flow  indicator 
on  the  oxygen  regulator  for  operation.    Now  place  the  diluter  Switch  to 
the  lOOZ  position  and  repeat  this  step^ 

4»     Place  the  emergency  switch  to  the  EMERGENCY  position.  More 
oxygen  sbouM  flow. 

5.  "Put  the  emergency  switch  to  the  TEST  MASK  position.  Much 
more  osygen; should  flow.    Notice  that  by  firmly  holding  the  mask  against 
your  face\  you^will. cause  the  flow  blinker  to  go  out.  ^ 

6.  Thls^  ends  the  operational  check.    Ketum  the  diluter  switch  ta 
the  NORMAL  position,  the  supply  switch  to  the  OFF»position  and  the 
emergency  switch  to  the  NORMAL  position.    Take  the  oxygen  mask  otf  the- 
hose  ^nd  ^ut  the  mask  b.ack  in  the  locker. 

7.  Secure  , the  gaseous  oigrgen  servicing  unit. 

a»      Close  ti^e  valve  on  the  oxygen  storage  cylinder. 

b.     Open  the  charging  valve  on  the  supply  hose.'urttil  both 
of  the  pressure  gages  on  the  servicing  unit  read  zero  (0)  . 


\ 


c.  Bac^Cs^ut  (CCW)  the  pressure  reducing  handle. 

d.  Close  the  charging  valve. 

e.  Recheck  the  gages  to  be  sure  they  both  read  zero  (0). 

f.  If  the  gages  are  not  at  zero  (0),  repeat  steps  a  through  d. 

8.  Secure  the  oxygen  system  trainer. 

a.  '   SLOWLY  nove  the  buildup  and  vent  valve  handle  ^to  the  VENT 

position. 

Note:  After  the  system  has  been  drained,  pressure  will  be  trapped 
in  the  system  and  will  show  on  the  pressure  gage.  This  is  normal. 
DO  NOT  bleed  off  this  pressure. 

b.  Disconnect  the  TTU-28/E  master. test  gage. 

c.  Put  the  dust  cap  on  the  filler  valve ,^ and  on  the  master 

test  Wge. 

d.  Place  the  handle  in  the  clip. 

e.  Reposition  the  build-up  and  vent  handle  to  "builU-up . " 

9.  This  ends  the  project,  start  on  the  next  project. 

PROJECT  NUMBER  7;    USING  THE  OXYGEN  REGULATOR  LEAKAGE  TESTER  MH-2 
OBJECTIVE 

After  completing  this  project,  you  will  be  able  to  use  the  oxygen 
regulator  leakage  tester  (type  MH-2)  and  a  trainer  to  check  an  oxygen 
regulator  demand  diaphragm  and  the  mask-to-regulator  hose  for  leaks. 
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Standard  of  Perfoi 


ice: 


Your' ability  to  teach  the  objective  of  this  project  will  be  eval- 
uated by,  a^  ina truccor rvsipg  a  criterion  reference  checklist* 

^     Note:    Before  testingXthe  tegpjator  for  leakage,  the  tester 
has  to  be  checked  for  Ueaki"!         a  tester^ with  a  leak  is  used, 
the  regulator  leakage  neadlng  w^Ll  be  w^tig*    To  check  the  tester, 
put  your  finger  over  thV  end  of  the  adapter  hose*    Pump  up  17 
inches  of  water  pressurAwith  the  pressure  bulb*    Check  for 
leakage  on  the  flowmeter  A  NO  leakage  is  allowed*    Drop  pressure 
by  removing  y^ur  finger  from  the  end  of  the  adapter  hose* 

1*     Mask- do-Regulator  Hose\and  Oxygen  Regulator  Leakage  Test* 

a*      Oieck  the  oxygen  regulator  to  be  sure  that  each  switch 
is  positioned  for  the  test. 


(1)  Supply 

(2)  Dilute r 

(3)  Emergency 


••OFF" 

•^NORMAL" 

•^NORMAL" 


b*     Attach  the  metal  adapter  to  the  hose  of  the  tester  and 
put  the  adapter  into  the  npen  end  of  the  mask-to-regulator  hose. 

c^      Close  the  bleed  screw  (some  units  do  not  have  a  bleed 
ecre'^)  that  is  between  the  bag  and  pressure  bulb* 

d*      Squeeze  the  pressure  bulb  several  tin^s  untJ^^j;b^O'--^ster 
pressure  gage  shows  17  Inches  of  water  pressure.  * 

e*     Hold  this  pressure  by  squeezing  the  bag. 

f  •     Leakage  shotild  not  be  more  than  1.0  liter  per  minute* 

g*      Place  the  diluter  switch  to  the  100%  position. 

h.  Squeeze  the  pressure  bulb  several  times  until  the  prc^ssure 
gage  jUows  17  inches  of  water  pressure. 

i.  Leakage  should  not  be  more  than  0*5  liter  per  minute* 

Note:    If  17  inches  of  water  pressure  can  not  be  reached  in 
either  the  NORMAL  or  lOOZ  positions,  there  is  a  leak*  The 
leak  could  be  in  either  the  mask-to-regulator  hose  or  the 
regulator  demand  diaphragm.    To  find  which  unit  has  the  leak, 
do  steps  (1)  through  (5). 


h03e. 


(1)  Tak.  the  metal  adapter  from  the  mask-to-regulator 

(2)  Take  the  mask-to-regulator  hose  from  the  regulator. 

(3)  Take  the  metal  adapter  f.  Dm  the  tester  hose* 
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*        (4)    Put  the  rubber  adapter  on  the  tester  hose  and  plug 
th«  tester  hose  Into  the  regulatw.  outlet  port. 


(5)    Do  steps  c  through  1  again. 


k.     If  there  are  no  leaks,  the  oxygen  regulatot  demand 
dlaphragpi  Is  good.    The  leek  Is  In  the  mask-to-regulator  hose. 

Bote:    After  the  leakage  test  Is  done  the  Jf!-2  nester  could 
be  connected  to  the  units  In  one  \>f  two  ways. 

(1)    If  there  Is  no  lealc\ln  the  mask-to-regulator  hose,^ 
the  METAL  ADAPTER  should  still  be  attached  to  the  hose.    Check  to  make 
•ure  the  adapter  is  still  attached. 


(2)    If  there  was  a  leak  In  the  mask-to-jregulator  hose, 
the  ROBBER  ADAPTER  should  be  attached  to  the  oxygen  regulator  outlet. 
Check  to  make  sure  It  Is  Installed. 

The  regulator  pressure  outlet  test  can  be  made  with  the  MH-2 
tester  connected  In  either  of  the  two  positions. 

2.     Regulator  Pressure  Output  Test. 

Note:    For  this  check,  th.^  D2-A  oxygen  regulator  should  show  a 
mlalmum  of  80  ^  sl.  t 


a.      Crack  the  bleed  screw  on  the  tester  to  cause  a  slight 
leak.    If  there  Is  no  bleed  acrew,  move  the  adapter  on  the  hose  to 
cause  a  slight  leak. 

^  b.     Place  the  supply  switch  to  the  position. 

c.  Place  the  emergency  switch  to  the  EMERGENCY  position. 

d.  The  pressure  gage  on  the  tester  should  now  show  a  pressyre 
of  at  least  2.75  Inches  of  water.    This  Is  the  correct  output  pressure. 

e.  Place  the  emergency  switch  to  the  TEST  OR  TEST  MASK 
position  and  hold  the  switch  In  that  position. 

f.  The  pressure  gai?^  should  show  a  pressure  of  from  6  to 
17  '     les  of  water  for  the  test  or  test  mask  position  to  be  good. 

g.  Place  the  supply  switch  to  the  OFF  position. 

h.  Place  the  test  or  test  mask  switch  to  the  NORMAL  position. 

1.     Take  the  tester  trom  the  oxygen  system  trainer  and  store 
all  parts  in  the  tester  box. 

J.      This  ends  the  MH-2  test  projei:t. 
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PSOJECT  NUMBER        PURGING  THE  LIQUID  03CYGEN  SYSTEM  (HOT  PURGE) 
OBJECTIVES  f 

/  Afttr  con^leting  this  project,  you  will  be  able  tor 

\ 

1.  Usft  the  hot  purge  kit  to  purge  an  oxygen  system. 

2.  Transfer  gaseous  oxygen  from  a* gaseous  oxygen  storage  cylinder 
to  the  liquid  oxygen  system  trainer. 

3.  Use  the  liquid  oxygen  system  trainer  to  purge  a  liquid  oxygen 
system. 

4.  Check  the  pressure  of  an  oxygen  storage  cylinder* 

St6^dard  of  Performance:  ^ 

tour  ability  to  reach  the  objectives  of  this  project  will  be 
evaluated  by  an  instructor,  using  a  ctlterion  reference  checklist. 

PBOCEBURES 

Mote:    The  hot  purge  kit  can  be  used  to  purge  any  liquid  oxygen 
system.    The  kit  can  ^e  used  to  remove  moisture  from  mie  capaci- 
tance proi:;^  used  with  some  liquid  oxygen  converters.  / Moisture  on 
a  probe  can  cause  a  wrong  signal  to  be  sent  to  the  ^antlty^ 
_:idicatorw 

1.     Prepare  the  trainer. 

a.  The  hot  purge  kit  is  In  locker  #2*. 

b.  Move  the  regulator  supply  switch  to  the  ON  position  and 
the  emergency  switch  to  the*  EMERGENCY  position. 

c.  'Vent  the  mask-to-iegulator  hose  to  the  side  of  the 
trainer.    This  will  drain  the  remaining  system  pressure  that  was  left 
from  project  #6.  .  ^ 

d.  Place  the  buildup  and  vent  valve  to  the  BUILDUP  position. 

e.  Take  the  dust  cap  from  the  filler  valve. 

f .  Take  the  dust  cap  from  the  filler  nozzle  end  of  the  hot 

purge  kit. 

g.  Allg'.i  the  three  studs  (In  the  open  end  of  the  nozzle) 
with  the  three  grooves  on  the  filler  valve  on  the  trainer.     (On  some 
aircraft  the  buildup  and  vent  valve  handle  will  have  to  he  removed  for 
this  test.) 

h.  Push  on  the  nozzle  and  twist  It  to  the  right  to  lock  on 
the  filler  valve.    Be  sure  the  nozzle  Is  fixed  to  the  valve.    Have  an 
Instructor  check  your  work  before  proceeding. 
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2.      Prepare  the  Gaseous  Oxygen  Servicing  Unit. 

a.  Check  to  see  that  the  pressure  reducer  handle  is  backed 
out  (CCW)  and  is  free  to  turn. 

b.  Slowly  turn  IN  the  pressure  reducer  handle  until  the 
reduced  pressure  gage  reads  50  psi. 

c.  Open  the  charging  valve  on  the  supply  hose  and  purge 
the  hose  for  10  seconds t  then  close  the  valve. 

d.  Plug  the  charging  valve  into  the  gaseous  oxy<^en  filler 
valve,  on  the  side  of  the  hot  purge  kit. 

e.  Connect  the  electrical  lead  from  the  hot  purge  kit  Into 
a  llOV  AC,  60  Hz  outlet. 

3«     Purging  the  System. 

a.  Open  the  charging  valve  on  the  gaseous  oxygen  supply 

hose. 

b.  Check  the  reduced  pressure  gage  to  be  sure  that  oxygen 
under  50  psi  is  flowing  into  the  hot  purge  kit.    If  not,  turn  the 
pressure  reducer  hdndle  to  adjust  the  pressure  to  50  psi.  (Oxygen 
should  flow  out  the  distribution  hose  from  the  regulator.) 

c.  Place  the  electrical  switch^  on  the  end  of  the  hot  purge 
kit,  to  the  Otl  position.    A  red  light  should  come  ON.    This  shows  that 
the  kit  is  heatitig  the  gaseous  oxygen  that  flows  to  the  system.  This 
ll^t  will  cycle  ON  and  OFF  as  the  correct  ten^erature  is  maintained. 

d.  Oxygen  should  flow  through  th«  ^yntem  for  5  minutes. 
Aircraft  purging  time  is  listed  in  th^  aircraft  TOs. 

4.      Disconnecting  the  Hot  Purge  Kit. 

a>     Place  the  electrical  switch  to  the  OFF  position. 

-b.      Close  the  charging  valve  on  the  oxygen  supply  hose. 

c.  Place  the  oxygen  regulator  supply  switch  to  the  OFF  position^ 

d.  Place  the  emergency  switch  to  the  NORMAL  position. 

e.  Take  the  electrical  lead  from  the  wall  outlet. 

Caution:    Vnien  disconnecting  the  charging  valve  from  the  hot  purge 
kit,  lift  the  kit  only  by  che  carrying  handle  and  the  insulated 
portion  of  the  nozzle.    This  method  will  prevent  burning  your 
hands . 
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£.     T«ke  the  charging  valve  from  the  hot  purge  kit. 

g.  Teke  the  hot  purge  kit  from  the  trainer  filler  valve 
and  place  It  back  In  the  carrying  case. 

h.  Put  the  dust  cap  on  the  tester  connection. 

1.     Put  the  dust  cap  on  the  trainer  filler  valve  and  place 
the  buildup  and  vent  valve  to  the  vent  position. 

5.     Secttre  the  Gaseous  Oxygen  Servicing  Unit, 

a.  Close  the  valve  on  the  gaseous  oxygen  stj^rage  cylinder. 

b.  Open  the  charging  valve  on^  the  supply  hose  until  both 
pressure  gages  read  zero  (0). 

c.  Close  the  charging  valve. 

d.  Recheck  the  gages  to  be  sure  they  both  read  zero  (0). 

e.  If  pressure  still  shovs  on  the  gages ,  do  stejps  a  through  c 

f .  The  system  has  been  purged  with  the  hot  purgeS^^tland 
should  be  serviced  with  liquid  oxygen  within  2  hours  to  prevent  / 
recontamlnatlon.  i 

g.  This  ends  this  project. 

Note:    Check  %rl,th  youv  Instructor  before  continuing. 

PKOJECT  NUMBER  9:    LIQUID  OXTGEN  SERVICING  TRAILER 

C 

OBJECTIVES 

After  completing  this  project »  you  will  be  able  to: 

1.     Connect  a  liquid  oxygen  converter  to  a  liquid  oxygen  servicing 
cart  (trailer). 

l\     Transfer  liquid  oxygen  from  the  trailer  Into  the  converter. 

3.     Use  safety  precautions  while  handling  liquid  oxygen. 

Standard  of  Performance: 

Your  ability  to  reach  the  objectives  will  be  evaluated  by  an 
Instructor. 

PSDCEDURES 

\    Note:    This  project  Is  to  familiarize  you  with  t*^.e  operation  of  a 
I    liquid  oxygen  servicing  trailer .    In  the  field  you  will  service 
converters  with  oxygen.   You  can  then  use  the  TTU-162/E  converter 
tester  (figure  7)  to  bench  check  a  converter  in  the  shop. 
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Figure  7.    Converter  and  Test  Equipment  Ho<dcup. 

1.  The  converter  (figure  7)  you  will  be  servicing  Is  connected  to 
e  piece  of  test  iqulpnent  and  a  coll  of  tubing.    Thiis  is  the  TTU-L62/E 
converter  tester  you  will  use  in  the  next  project. 

2.  The  valves  on  the  tester  must  be  in  the  following  positions 
before  servicing  the  converter  with  LOX.  ^ 

a.  Supply  valve  CLOSED 

b.  Buildup  valve  CLOSED  | 

c.  Vent  valve  ,  OPEH 

'  - 

3.  Place  a  clean  container  under  the  piece  of  tubing  attached 
to  the  tester  eidiaust  vent.  When  the  converter  is  full,  liquid  will 
coae  uut  of  this  vent. 

»  ^ 

Caution:    Put  on  safety  equipment, —  gloves,  face  shield,  and  apron. 

I  4.^    The  instructor  will  give  you  the  ibfonnation  you  need  to  operate 

the  servicing  trailer.    Read  throu^  the  servicing  checklist  to  find  all  the 
valves  and  parts  before  you  start  to  service  the  converter.    Follow  the  TO 
dieckllst  as  you  do  the  servicing  operation.    If^ou  have  any  problems, 
lamedlately  call  for  an  Instrpctor  to  help  you.    After  the  converter  is 
filled,  go  back  to  this  workbook  for  further  instructions. 

• 

5.  After  the  converter  is  full,  leave  the  trainer  and  tester  in 
the  positions  they  are  in.  Wait  at  least  15  minutes  for  the  system  to 
stabilize,  then  do  the  next  project. 


PBDJECT  10:  USING  THE  TTU-162/E  LIQUID  OXYGEN  CONVERTER  TESTER  ^^^3 
OBJECTIVES 


After  conplet^^ng  this  projeiit,  you  will  be  able  to: 


1.  Use  ^^he  TTU-362/E  converter  tester  to  test  a  liquid  oxygen 
cotnrerter. 

2.  Operate  a  TTU-162/E  converter  tester. 

Standard  of  Performaoce:  ^ 

Your  ability  to  reach  the  d)1ective8  will  be  evaluated  by  an 
.  ^  Instructor,  using  a  criterion  reference  checklist. 

1.     TEST  NUMJER  1  -  The  vacyum  space  of  the  liquid  oxygen  converter 
under  test  needs  to  be  checked  for  the  loss  of  vacuum.    A  loss  of 
T  vacuum  will  cause  a  hi^  evaporation  rate,  of  the  liquid. 

a.     Check  to  see  that  the  vent  valve  is  still  OPEN. 

bo     Take  the  metal  tubing  and  hose  from  ^*he  eidiaust  vent 
of  the  tester  and  place  them  on  the  bench. 

c.  Connect  one  end  of  the  hose  to  the  EVAPORATION  LOSS 
FLOWMEJER  and  i;he  loose  end  of  tlie  hose  to  the  EJTHAUST  VENT  of  the 
tester. 

d.  Watch  the  ball  in  the  flowmeter.  If  the  ball  rises 
from  zero  (0) ,  the  amount  of  leakage  is  as  shown  on  the  markings 

of  the  glass  tube.    The  leakage  is  liters  par  minute. 

e.  Use  the  information  in  talble  1  to  choose*  the  leakage 
that  is  allowed  for  the  converter  under  test. 


MAXIMUM  LOSS  SHAI.L  NOT  EXCEED 

Converter  Size 
(Liters) 

*         ■       ■  ■  - 

Allowable  Leakage 
(Liters  ?er  Minute) 

5 

0.60 

8 

0.69 

10 

0.75 

.  20 

.  0.92 

23 

1.0 

75 

2.1  . 

>  Table  1.    Allowable  Converter  Leakage. 
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f.     Co8q;>ar6 . the  leakage  listed  in  step  d  with  the  leakage, 
alioned  for  the  converter  under  test.    The  converter  vacuum  Is 


(good/bad) 


g.     Take  the  hose  from  the  flowmeter  and  exhaust  vent  and 
p^aee  the  hose  on  the  bench.    Do  test  nuoiber  2. 

TEST  NUMBER  2  -  This  teat  is  made  to  find  out  hov  much  time 
it  takes  the  converter  under  test  to  buildup  to  operating  pressure. 
Operation  of  the  pressure  closing  valve  will  also  be  checked. 

a.  Close  the  vent  valve  on  the  tester. 

b.  Open  the  buildup  valve.  * 

^   c.     Maximum  buildup  time  to  operating  pressure  C70  or  300  psl) 

is  10  minutes.    Record  the  start  time  .  . 

* 

d.  Watch  the  buildup  and  supply  pressure  gages.    Both  gages 
should  rise  at  about  t\^e  same  Ate. 

e.  \t  the  end  o^  10  minutes  look  at  the  buildi^  gage. 
The  pressure  shotild  be  either  70  or  300  psi.    Record  the  pressure. 

 *p8i. 


Note:    If  the  converter  does  not  reach  operating  pressure  in 
10  minutes,  the  pressure  setting  is  out  of  tolerance  (above  or 
below  70  to^300  spi)\  the  pressure  closing  valve  must  be 
adjusted  or  replaced. 

f .     The  pressure  closing  valve  is  (gocd/bad)   . 


3.     TEST  NUMBER  3  -  The  converter  under  test  will  be  checked  for 
maximum  and  minimum  pressxires  and  flow  rates*    Liquid  oxygen  converters 
ara  made  to  give  a  set  amount  of  gaseous  oxygen  per  minute.    The  amount 
will  change  with  the  type  of  convex uer.    During  this  test,  the  liquid  > 
oxygen  that  flows  into  the  evaporator  coils  is  changed  to  a  gas  that 
flows  overboard  through  the  atipply  flowmeter. 

a.  List  the  temperature  that  is  shown  on  the  temperature 
gage  at  the  top  of  the  supply  flowmeter  on  the  tester.  The  tempera- 
ture is  . 


b.  For  the  converter  under  test,  find  the  design  flow 
rate  in  table  2. 

*  • 

c.  Watch  the  float  in  the  supply  flowmeter. 


U 

CONVERTER 

SPECIFICATION 

NO.  OF 
RELIEF  VALVES 

1  oppress'Ipsi) 

SIZE  (L) 

foESIGN 

FLOW  (L/M) 

A-2 

MIL-C-6650 

2 

300 

r 

80* 

MIL-C-7407  , 

2  (INDIVIDUAL) 

70 

5 

20 

MA-1 

MIL-C-25021 

2 

300 

20  . 

120 

ME-3' 

MIL-C-25674 

2 

300^ 

25 

I-jO 

GCU-2/A 

MIL.'C-25777  6 

1 

70 

10 

72 

GCU-3/A 

MIL-C-25781 

1 

70 

10 

12 

GCU-IO/A 

MIL-C-25974 

2  (INDIVIDUAL) 

300 

10 

80 

GCU-ll/A 

MIL-C-25972 

2 

300 

10 

100 

GCy-12/A 

MIL.C-25973 

1 

70 

5 

72 

GCU-14/A 

MIL-C-26358 

1 

■  ^ 

70 

5 

72 

GCU-  17/A 

MIL.C.27336 

2 

300 

25 

150 

♦GCU-20/A 

MIL.C.27652 

• 

,  2 

300 

75 

400 

Table  2.    Converter  Data. 

\d.  ^  After  the  supply  valve  is  opened,  stabilize  the  top  of  the 
float  at  the  design  flow  rate  for  the  converter  under  test.    This  is 
done  by  opening  and  closing  the  supply  valve  and  checking  table  2, 


€.     Let  oxygen  flow  for  15  minutes.*^ 

Caution:    The  evaporator  coils  and  connecting  pluniblng  will  ice 
up  during  this  test*    Practice  all  safety  precautions. 

f.  Watch  the  pressure  gages.  The  pressure  for  the  converter 
being  tested  is  listed  on  the  data  plate  for  the  converter.  If  pressure 
Is  not  In  the  range  set  for  the  converter,  the  pressure'  closing  valve 

is  not  working. 

g.  The  minimum  pressure  is   psi.    The  maximum  pressure 

la   psi. 

h.  Check  the  temperature  gage.    The  temperature  should  be 
about  the  same  as  in  step  a. 

Note:    During  the  15  minute  oxygen  flow  test,  read  TEST  NUMBER  \, 


♦  .     TEST  NUMBER  A  -  This  test  Is  to  check  the  system  relief  valve 
for  proper  opening  and  closing.    Duri-g  the  flow  test,  liquid  goes  In 
th0  coils  of  the  evaporator.    A  sudden  sto?  in  the  flow  of  gaseous  ^ 
oxygen  overboard,  will  cause  the  trapped  liquid  to  turn  to  a  gas.  " 
Thle  will  cause  a  high  supply  pressure.    To  protect  the  system  the 
preseure  relief  val/e  must  open  at  a  set  pressure'. 

Caution:    During  this  test,  stand  clear  of  the  converter  relief 
valve  vent. 

«.     Suddenly  dose  the  supply  valve. 

u  V^tdh  the  supply  pressure  gage  and  list  the  pressure 

«t  which  the  relief  valve  opens.    The  relief  valves  opens  at 

 pei. 


CONVERTER  OPERATING  PRESSURE 

RELIEF  VALVE  SETTING 

.  Low-^Fr ess  ure  Sys  tem 

100  -  120  psi 

High-Pressure  System 
'  

380-430  psi 

Table  3.    Converter-- to-Relief  Valve  Relation, 

c.     FrTin  Table  3  find  the  setting  of  the  relief  valvrf  used 
with  the  converter  under  test. 

Compare  the  reading  listed  In  step  b  with  the  relief 
valve  setting  Usted  in  Table  3.    The  relief  valve  is  (good/bad) 


e.  Put  the  rubber  test  hose  on  the  leakage  flowmeter  of  the 

tester* 

f.  Place  the  other  end  of  the  uose  on  the  converter  vent  port- 

g.  If  the  ball  in  the  flowmeter  does  rise  from  the  zero  mark, 
list  the  amount  of  leakage  shown.    The  leakage  is"  LPM.  f 


Nuniber  of  Relief  Valves  Installed 

Leakage  Permitted 

1 

0.01  LPM 

2 

0.02  LPM 

Table  4.    Permitted  Relief  Valve'*Leakage. 
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h«     From  Table  4  find  the  amotmt  of  permissible  leakage. 
CoBpare  this  setting  with' the  leakage  listed  in  step  g.    The  reseating 

of  the  relief  valve  Is  (good/bad)  , 

1«     Tflke  the  hose  from  the  flowmeter  and  con^;erter  vent  and 
place  the  hose  on  the  bench* 

j.     Open  the  vent  valve  on  th<i  tester  and  vent  £he  converter 
head  pressure. 

k.     Open  the  supply  valve  and  bleed  off  the  supply  pressure.  * 

1.     Close  the  suppxr  valve.    This  leaves  the  testel^  In  thje 
vent  position.  '  ^  ^  ' 

Note:    At  this  time  you  would  have  a  serviceable  converter  or 
one  on  which  work  would liave  to  be  done  to  make  It  serviceable* 

_/ 

PBDJECT  NUMBER  U:    TF-M-l  CAn^CItANCB  TYPE  LIQUID  QUANTITY  SYSTEM 

TRAINER  •  ■ 

OBJECTIVES  • 

4 

\  ' 

Aft^r  completing  this  project »  you  will  be  able  to: 

1.  Sit  up  the  TF-20-1  tester  for  an  empty  converter  capacltanre 
check. 

2.  Take  readings  from  the  capacitance  Indicator  on  the  tester. 

3*  Find  the  condition  of  a  liquid  oxygen  converter  probe  asse^ly. 

w 

Standard  of  Pertormance: 

Your  ability  to  reach  the  objectives  of  this  project  will  be  ; 
evaluated  by  an  Instructor,  u&ln^  a  criterion,  referenced  checklist. 

PROCEDURES 

Note:    All  test  leads  that  will  be  used  are  In  the  cover  of  the 
tester.    The  leads  have  numbers  o^r  letter-number  combinations 
on  them  for  Identification.    These  leads  are  used  with  the  tester. 
When*  you  are  given  a  numbered  connection  point,  control  switch  or 
indicator  in  this  project,  look  at  the  front  panel  diagram,  inside 
the  cover,  for  the  location  of  the  item. 

1.  Connect  adapter  lead  #10003a#fcom  point  5  to  a  suitable  ground. 

2.  Connect  power,  cable  iH00033  and  adapter  cable  #100034  together. 

3.  Connect  the  combined  cable  from  point  4  to  the  power  source. 

4.  Place  power  switch  #1  to  the  ON  position.    The  red  light  near 
the  switch  should  come  ON.    Allow  at  least  5  minutes  warm-up  time. 
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5.    •  Connect  the  lead  from  point  11  to  the  HI^-Z  connector  of  the 
converter  under  test. 

Connect  the  lead  from  point  12  to  the  LO-2  connector  of  the 

converter  < 

7.      Set/  function  selector  switch  #24  to  TANK  UNIT  TEST-UNSH 
position. 


.8.      Set  CAP-RES  CHECK  switch  #13  to  CAP  position. 


9.     \Set  the  capacitance  RANGE  SELECTOR  #6  to  the  lowest  range  that 
will  glveja  stable  reading  (the  indicator  does  not  rotate  continuously) 
on  capacl/ance  indicator  #7.    If  the  inner  needle  does  cross  above  100, 
place  the  range  selector  to  the  next  higher  multiplier. 


Hote:    Study  the  capacitance  meter  dial  (figure  8),    With  the 
capacitance  range  selector  in  the  xl  position,  a  reading  of 
43.25  MHF  is  obtained  as  shown  in  figure  8,    The  last  decimal 
place  is  estimated  by  eye.    In  the  x3  position  this  reading  is 
43.25  X  3  -  K9-.75  MMF.    For  the  xlO  and  x50  positions  the 
values  are  432.50  MMF  and  2162.50  MMF.    Now  apply  what  you  have 
to  reild  to  Interpret  your  reading  on  the  converter  you  are 
checking. 


Figure  8.    Capacltaxice  Meter  Dial. 
12.      Coiiq>lete  the  statements.  / 

a«     The  capacitance  indicator  reading  is 
range  selector  is  in  the  x  ^  position. 


MMF  and  the 
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b,  Th«  MMP  reading  multiplied  by  the  range  selector 
position  is  MHF. 

c.  SeJect  the  required  reading  from  Table  5  for  the  size 
converter  you  are  testing* 


CONVERTER  SIZE 

REQUIRED  READING 

10  Liter 

123.5  ±  1.0 

25  Liter 

303.5  ±  2.5 

75  Liter 

910.0  ±  7.5 

Table  5.    Converter  Size-Capacitance  Relation. 

,  d.      The  required  reading  is   MKF  and  the  number  in 

step  b  (is/is  not)   in  the  toleraii^e  of  the  required  reading. 

The  converter  capacitance  probe  is  (good/bad J   . 


e.     Have  an  instructor  check  your  readings. 
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PROJECT  12s    REPAIR  AND/OR  REPUCEMEriT  OF  A  LIQUID  OXYGEN  CONVERTER, 
PRESSURE  CLOSING  VALVE  OR  RELIEF  VALVE 


OBJECTIVES 

^-1.      Repair  and/or  replace  liquid  oxygen  converter  part. 

2.  Apply  antl"*8leze  tape  to  fittings  of  liquid  oxygen  systems. 

3.  Select  tommon  hand tools  necessary  for  LOX  converter 
■alntenance. 

4.  Observe  all  safety  precautions  Involved  during  LOX  converter 
aaintenance . 

Standard  of  Parformance: 

Your  ability  to  reach  the  objectives  will  be* evaluated  by  the 
instructor. 

PROCEDURE  >^ 

Note:    In  the  field  you  will  be  required  to  remove  and  replace 
minor  parts  of  LOX  converters.    This  project  will  '"mlllarlze 
you  with  the  handtools,  equlpibent,  procedures  and  jafety 
precautions  necessary  to  accomplish  that  task. 

1»     On  a  given  converter,  remove  lines  and  tubing  connected 
to  the  part,  being  careful  not  to  twist  any  lines. 

2.  Remove  common  hardware  securing  the  part  to  the  converter 
assembly,  and  remove  the  part. 

3.  Place  the  part  In  a  bench  vise  and  remove  all  old  fittings 
and  tape,  retape  flttlnj^s.    Have  the  Instructor  check  your  work 

at  this  time.    INSTRUCTOR'S  INITULS  ^ 


Install  the  fittings  In  the  new  valve  exactly  the  way  they 
came  out  of  the  old  valve.    (During  taping,  follow  the  Instruction? 
on  the  role  of  antl-sleze  tape,) 

4.  Mount  the  new  part  on  the  converter  assembly,  reinstall 
common  hardware  and  tighten. 

5.  Reinstall  and/o¥  connect  tubing  and  lines  disconnected 
during  removal,  and  tighten  tubing  and  lines. 

.    Note:    In  the  field,  your  converter  would  now  be  serviced  with 
a  few  liters  of  liquid  or  gaseous  oxygen,  for  the  purpose  of 
leak  checking  all  the  fittings.    All  lines  found  to  be  leaking 
would  be  tightened  to  stop  the  leak. 
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FOREHOKD  ^ 

This  programed  text  was  prepared  for  use  in  the  3ABR42331 
Instructional  systea.    The  materials  contained  herein  have  been 
validated  using  30  students  enrolled  in  the  3ABR42331  cou^.  Eighty 
p#^cent  of  the  students  taking  this  text  surpassed  the  criterion  called 
fop  in  the  approved  lesson  objectives .    The  average  student  required 
4.8  hours  to  complete  the  text. 

OBJECTIVES  e 

1.  Match  8  of  10  componyits  of  the  cryrtainer  with  the-'.^^jfunction/ 
operation. 

2.  Identi'^y  without  error,  the  s^ety  precautions  relative  to 
cryotainers. 

INSTRUCTIONS 

p 

This  text  is  presented  in  small  steps  called  "FRAMES.**    After  each 
frame  you  will  select  correct  atatements,  match  names,  and/or  numbers  to 
4.tems.    Compare  your  answer  v  .th  the  correct  one  found  at  the  beginning 
of  f !:e^  next  f^ame.    If  your  answer  is  correct,*  go  to  the  next  frame.  If 
your  answer  is  wrong,  read  the  frame  again  and  see  how  the  correct  response 
was  derived. 

READ  CAREFULLY  Mm  DO  NOT  HURPTl!!! 

Note:    Upon  dompletion  of  this  programmed  text  you  wl'll  use  the 
equipment  covered  in  this  text  while  doing  your  oxygep  lab 
projects. 


Supersedes  3ABR63130-PT-208,  31  March  1977.^ 
OPR:    3370  TCHTG 
■>ISTP.!BUTION:  X 

3370  TCHTG/TTGU-P  -  400;  TTVSA  -  1 
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Fraae  1 


The  storage  of  xapryogenlc  fluids  for  many  years  has  caused  a  problem. 
No  refrigeration  system  was  able  to  keep  this  liquid  at  a  temperature  low 
enough  to  keep  it  in  a  liquid  state.    Nov  liquid  oxygen  and  liquid 
ttltrogen  can  be  stored  successfully.    They  are  stored  in  the  same  manner. 
Since  our  first  concern  is  the  storage  of  liquid  oxygen,  this  Programmed 
Text  refers  to  liquid  oxygen. 

^lilquld  oxygen  mu^t  be  kept  at  an  extremely  cold  temperature  (below  . 
-297  F)  to  keep  i,r  in  a  liquid  state.    Any  heat  causes  it  to  boil  and  gas 
off.    Tou  can  see  the  gassing  off  process  taking  place  in  water.  Water 
will  boil  and  gas  off  to  a  water  vapor »  when  its  texuperature  is  raised 
above  the  boiling  pointy.    The  more  heat  added  to  any  liquid,  the  more  it 
boils  and  evaporates.  \ 

There  is  no  Icra  cost  way  of  refrigerating  liquid  dxygen  to  keep  it  in 
a  liquid  state;  therefore,  the  only  practical  way  to  store  it  is  to  try 
to  keep  heat  from  getting  to  it.    This  Is  done  by  use  of  a  cryotainer. 

It  was  said  earlier  in  the  text  that  LOX  must  be  kept  in  insulated 
tanks  to  stop  it. from  boiling  and  thus  changing  from  a  liquid  to  a  £as« 
To  slow  this  boiling  action  down,  one  tank  is  placed  inside  another.  The 
inner  tank  holds  the  liquid.    The  outer  tank  aids  in  insulating  the  inner 
tank.    The  space  between  the  two  tanks  (annular  space)  is  filled  with  an 
insulating  material.,  A  vacuum  punip  is  attached  to  the  line  at  the  top 
of  the  tank.    The  vacuum  valve  is  then  opened  and  the  al«  is  pumped  out. 
The  valve  is  then  safety  wired  shut  to  stop  accidental  opening.  This 
valve  will  be  color  coded  yellow  and  may  be  letter  coded  **A".    These  two 
items,  the  'insulating  material  and  vacuum  in  the  annular  space,  provide 
the  insulation  for  the  inner  tank.    (See  figure  below) 


rtiHM  1  (Cont'd) 

Clrelt  tht  correct  tntver. 

1.  TImi  spactt  bttveen  the  tvo  tmnka  is  called 
A.     ansttlAr  specie. 

b.  prusurt. 
e.  LOZ. 

d.  mpture. 

2.  The  vacuum  valve  must  be  letter  coded  "A".    TRUE  or  FALSE 

3.  The  vacuum  valve  must  be  color  coded 
a.  blue. 

b^  red. 

c.  vhlte. 

d.  yellow. 

.     Ia«ul«ting  nuterlai  provide  the  only  insulation  for  the  inner 
Cenk.    TRUE  ot  FALSE 

.     Air  In  the  annuler  spsca  ±a  a  good  insulator.    TRUE  or  FALSE 
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Answers  to  Fraae  1:    I.       &        2.    FALSE     3.     d         4e  FALSE 

5.    FALSE  ^ 

Frame  2 

There  are  3  main  control  valves.    All  are  the  globe  type  with 
extended  stems.    The  extended  stcmi  prevents  the  packing  from  freezing 
and  reduces  heat  transfer  from  the  hand-wheel  to  the  valve  body.  The 
valve  body  is  at  the  tcatperature  of  the  liquid  oxygen  while  the  haad- 
wheel  is  cool  tc  the  operator. 

/  There  are  two  pipes  that  come  from  the  inner  tank.    The  top  line 
from  the  inner  tank  is  the  vent  pipe  and  has  the  vent  valve  attached. 
This  valve  Is  only  closed  when  transferring  (dispensing)  liquid.  At 
all  other  times,  this  valve  will  be  open  to  let  the  liquid  that  Is 
vaporizing,  out  of  the  tank.    The  valVe  is  color  coded  red  and  may  be 
letter  coded  "E"*    (See  figure  below).    The  line  from  the  bottom  inner 
tank  is  the  fill  and  drain  line  with  the  fill  and  drain  valve  attached.* 
The  valve  will  be  color  coded  blue  and  may  be  letter  coded  "C".  This 
valve  will  only  be  opened  when  issuing  or  receiving  LOX. 


VACUUM 


Circle  the  correct  answer.  ' 

1.     When  you  are  not  transferring  liquid,  the  vent  valve  will  he 
left  in  the 

a.  closed  position. 

b.  middle  position. 

c.  open  position. 

d.  annular  position. 
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FtM  2  (Cont*d) 

2.  Ih«  v«nt  v«lv*  U  color  codtd  rod. 

♦ 

nm  or  FALSE 

3.  tbm  fill  and  drain  valv«  !•  color  coded 


blttOo 

bo 

rod. 

Co 

^  uhlto. 

< 

do 

yellow. 

• 
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AMwra  to  fraM  2:    1.      c       2.    TRUE     3.  a 

Frama  3 

Loeatad  on  the  praaaura  Una  tMt  connecta  the  yant  plpa  and  the 
tranafar  plpa  la  a  capacity  gage.    As  the  name  atatea,  this  gage  ahowa 
the  amount  of  liquid  oxygen  within  the  inndr  tank.    This  gage  is 
.aanaltlve  to  ptaaaure  and  it  can  be  damaged  by  pressure  surges. 
Therefore,  the  gaga  la  offaet  from  the  pressure  line  and  is  protected 
by  a  capacity  gaga  bypaaa  valve  located  in  the  preaaure  line. 


The  valve  located  in  the  preasure  line  la  a  aafety  device  that 
protecta  the  capacity  gaga.    This  valve  is  normally  open,  allotJing 
preaaure  to  ^'bypass"  (go  around)  the  capacity  gage.    The  bypass  valve 
ahould  be  closed  only  when  you  need  to  obtain  the  amount  of  LOX  in  the 
tank.    As  soon  ac  you  have  obtained  the  amount  of  LOX  within  the  tank, 
the  bypaas  valve  ahould  be  opened  again.    Thia  valve  will  be  color 
coded  black  and  may  be  letter  coded  "B".    (See  figure  below) 
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FroM  3  tCkmtM) 

*  # 

Circle  the  correct  answer • 
1.  ^   What  valve  la  Installed  in  the 
a.     Tank  vent 

Capacity  gage  bypass 
c.     Capacity  gage 
d*     Fill  and  drain  valve 
!•     The  capacity  gage  bypass  valve 
a.     open  position. 

closed  position, 
c.     up  position. 
^  d«     side  position. 
3.     The  capacity  gage  bypass  valve 


system  to  protect  the  capacity  gage? 


is  normally  in  the 


is  color  co^ed  red.    TRUE  or  FALSE 


i 

i 
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Antvers  to  Frame  3:    1.       b        2.       a        3.  FALSE 


Frame  4 

Earlier  In  this  text  we  said  that  pressure  buildup  within  the 
LOX  tank  can  (under  the  right  conditions)  present  a  ha2a!P<  to  personnel 
and  equipment.    For  example,  if  the  shell  of  the  inner  tan^^ should 
rupture  and  leak  liquid  oxygen  into  the  annular  space  between  the  inner 
and  outer  tanks,  there  could  be  a  dangerous  buildup  of  pressure  between 
the  two  tank  shells.    To  prevent  the  outer  tank  from  being  damaged  or 
blowa  up  from  excessive  pressures,  a  safety  device  is  installed  in, the 
shell  oi  the  outer  tank.    This  safety  device  is  a  rupture  disc.  The 
rupture  disc  is  set  to  blow  out  at  a  pressure  low  enough  to  prevent  damage 
to  the  outer  tank  shell.    Since  LOX  tanks  are  made  by  severa]yj  different 
companies  and  since  each  company  has  different  pressure  settings  on  the 
tanks'  safety  devices,  we  will  not  discuss  the  pressure  settings  of  these 
safety  devices  in  this  text.    (See  figure  below).    A  complete  description 
of  the  rupture  disc  and  its  blowout  pressure  is  in  TO  37C2-8-1-101. 


VACUUM 
VALVe 


I 


FILL  S  0«4  :i|  VALVC  ,  ^l.lfllt^^ 


Circle  the  correct  answer. 

What  is  the  name  of  the  auto  pressure  buildup  device  on  the  outer 
tank? 

a.  Vacuum  valve 

b.  Rupture  disc 

c.  Tank  vent 

d.  Capacity  gage 

All  outer  tank  rupture  discs  are  set  at  the  same  pressure. 
TRUE  or  FALSE 
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Anmrers      Frame  A:    1.    '  b        2.  FALSE 

L»Jt  tanks  do  not  have  pumps  to  aid  in  the  rapid  transfer  of  LOX. 
So  some  other  way  must  be  used  tb  mgve  the  liquid.    The  other  way  is' 
..pressure.    As  you  already  know,  if  the  tank  vent  is  closed,  pressure 
will  staift  to  build  in  the  tank.    But  this  is  a  slow  process.    To  speed 
this  process,  a  pressure  buildup  valve  and  coil  are  attached  to  the 
fill  and  drain  line.    When  the  pres£,ute  buildup  valve  is  opened  (see' 
figure)  LOX  will  flow  through  the  pressure  buildup  coil  (heat  exchanger) 
iihere  *t  is  changed  to  a  gas.    From  the  h^at  exchanger,  the  gas  follows 
the  pipe  which  joins  the  tank  vent  pipe  (remember  the  tank  vent  is 
closed).    The  gas  will  then  flow  back  into  thp  gaseous  portion  of  the 
tank  and  will  apply  added  pressure  to  the  liquid'  which  allows  a  acre 
rapid  transfer  of  LOX.    This  valve  will  remain  closed  except  wl»en 
building  up  pressure  in  the  tank.    The  pressure  buildup  valve  will  be 
colored  coded  white  and  may  be  letter  coded  "D". 


VACUUM 


Circle  the  correct  answer. 

1.  The  pressure  buildup  coil  changes  gas  to  liquid?    TRUE  or  FALSE 

2.  The  pressure  buildup  valve  will  oe  open  at  all  times  except  dur 
transfer?    TRUE  or  FALSE 

3.  ^    The  pressure  buildup  valve  is  color  coded  white.    TRUE  or  FALSE 
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AawMrt  to  Praae  5:    1.    FALSE   2.    VALSE   3.  TRUE 


Ml 

Frame  6 


Just  above  the  point  that  the  press^Jire  buildup  coil  joins  the 
tank  vent  line  Is  a  direct  reading  gage  (Pressure  Gage) .    This,  Is 
used  to  tell  how  much  pressure  Is  built  up  within  the  vapor  portion 
of  the  inner  tank. 


Located  Just  above  the  pressure  gage  in  the  pressure  build  up 
line  is  a  protective  device,  the  Tank  Pressure  Relief  Valve.  This 
valve  will  relieve  e^weiixve  pressure  in  the  inner  tanki  ^Depending 
on  the  type  of  tank  the  valve  will  operate  either  manually  or 
automaLlcally.)     See  figure  below.   *  ^ 
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FraM  6  (Cont'd) 

Clrele  the  correct  answer. 

■r 

1*     Uhmt  valve  is  installed  to  relieve  excessive  pressure  in  the 
inner  tank?  '  ^ 

^        a*     Tatik  vent 

be     Pressure  build  up  f 

Ce  .  Rupture  disc 

de     Tank  pressure  relief 

2«     What  is  used  to  tell  how  much  pressure  has  been  built  up  in  the 
inner  tank? 

a.  t)#pacity  gage 

b«  Pressure  gage 

Ce  Vacuum' gage 

de  Annular  space 
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Answer*  to  Trtmt  6:  1. 


2. 


\ 


Frame  7 


Another  relief  valve  Is  located  in  the  fill  and  drain  line.  This 
!•  the  Hose  Pressure  Relief  Valve.    This  relieves  excessive  pressure 
In  the  transfer  hose  and,  depending  on  the  type  of  tank,  will  be 
■linually  or  automatically  operated.    There  are  two  more  safety  devices, 
one  located  in  the  pressure  buildup  line  and  one  in  the  fill  and  drain 
line.    These  are  safety  dfscs.    If  for  example,  the  hose  pressure  relief 
valve  or  tank  pressure  relief  valve  were  frozen  in  the  closed  position, 
t    ae  discs  (Hose  Safety  Disc  and  ^|ok  Safety  Disc)  are  designed  to  blow 
out  If  the  pressure  in  the  hose  or  tank  continued  to  /ise. 

Th€  Ust  ItOB  l»-df  the  Filter  located  in  the  fUl  and  drain  line. 
The  filter  is  the  metal  porous  type.    This  unit,  as  the  name  Implies, 
filters  LOX,  ^ 


mffttunc  _^ 


nm  VCMT  VALXC 


CMCfTY  OAM  tmss  VALVC 
CA^OTY  tAOC 

'iLt  ft  OUAIM  VMLVt 


DISC 


ANNULAR 
t^ACt 


Circle  the  correct  answer. 

1.  The  purpose  of  the  hose  ore^isure  relief  valve  is  to  relieve  normal 
S  pressure. 

TRUE  or  FALSE 

2.  The  safety  disc  will  blow  out  automatically  if  the  relief  valves 
are  frozen  closed  an^  pressure  in  the  inner  tank  continues  to  rise. 

TRUE  or  FALSE. 
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AMiMirt  to  rr«M  7:    1.    FALSE    2.  TTOB 
Traaa  8 

Using  th«  dlagraa,  cnttr  tL«  numbtr  that  correctly  Identifies  tAe 
ceaponente  that  naka  up.  a  liquid  oxygen  facility.  If  you  are  not  sure 
of  the  aosvers  go  back  and  review  the  information. 


Vacuum  valve 

h. 

Tank  vent  valve 

 ^Praaaura  buildup  valve 

1. 

Tank  preasure  relief  velve 

c. 

Tank  aafaty  disc 

J. 

Fill  and  drain  valve 

d. 

Annular  apace 

k. 

Preaaure  gage 

•  e 

Boaa  preaaura  relief 

1. 

Capacity  gage 

valve 

m. 

Capacity  gage  bypass  valve 

£. 

Rupture  disc 

n. 

Filter 

S- 

Hoae  aafaty  disc 
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His 

MMmtm  CO  Fr«M  &     a.    2     b.    8      c.    V       d.    1       e.    11       f  •  7 

g.    13   h.    3       1.    10      j.    4      k.     9       1.  5 
^  B.    6     n^-  14 

Frame  9 

Before  any  LOX  tranafer  or  receiving  operations  are  done,  the 
valves  muat  be  properly  positioned.    Valves  should  not  he  tightened- 
doim  more  than  hand  tight  (using  glcved  hand  only) «    The  use  of 
additional  levers,  breaker  bars,  etc  will  squeeze  out  the  teflon  seat. 
Thiff  will  cause  premature  failure  of  the  valves. 

The  following  chart  will  show  the  correct  valve  positions  for 
tranaf erring,  receiving,  and  storing  LOX. 


Valves  niNCTIONS 


Color 

4  Name 

1             '       .                      '  M 

J 

rilling 

Pressure 
Buildup 

Transfer 

Liquid 
Storage 

Black 

Capacity 
Gage 

Open 

Open 

Open 

Blue 

Fill  and 
Drain 

Open 

Closed 

Open 

Closed 

vmite 

Pressure 
Buildup 

Closed 

Open 

Closed 

Closed 

Red 

Vent 

Open 

Closed 

Closed 

Open 

If  the  LOX  tank  Is  empty  and  not  used,  the  vent  valve  should  be  closed. 


Match  the  lettered  Items  to  their  corresponding  numbered  Items. 


than 

one  lettered  Item  may  be  used. 

1. 

Open  for  transfers 

a. 

Black  colored 

2. 

Closed  when  filling 

b. 

Tightening  valves 

3. 

Open  when  storing  LOX 

c. 

Pressure  buildup  valve 

4. 

Using  gloved  hand 

d. 

Vent  valve 

Open  for  all  operations 

e. 

Blue  valve 
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to  rr«aM  9:    1.  2.    _c_   3.    aid     4.      b     5.  a 

rrott  10 

Th«  sost  cooMb  method  o'l  filling  LOX  tanks  is  through  the  fill 
and  drain  sjrstem.    Bafore  starting  a  LOX  transfer  operation,  determine 
th«  awHint  of  liquid  in  each  rank  to  ba  used  In  the  operation,  to 
InMra  th^  tank  isn't  empty.    Ihis  is  done  by  closing  the  Capacity 
Gage  Bypass  Valve  on  each  LOX  tank.    After  getting  the  reading, 
raMmber  to  open  the  Capacity  '^age  Bypass  Valve.    This  valve  mus«-  be 
opaned  to  prevent  damage  to  the  Capacity  Gaga. 

Caution:    Always  leave  the  Capacity  Gaga  Bypass  Valve  open  when  not 
taking  a  reading,    if  the  val^e  Is  closed  Juring  a  filling  operation, 
there  is  a  possibility  of  damage  to  the  gage  as  a  result  of  surging 
pressure  against  the  gage  mechanism. 

Circle  the  correct  answer  for  each  of  the  following  questions. 

1.  Why  is  the  Capacity  Gage  Bypass  Valve  closed  on  the  LOX  tank  from  which 
you  will  transfer? 

a.  To  prevent  damage  to  Capacity  Gage. 

b.  To  make  sure  the  tank  is  not  empty. 

Cc     To  use  as  ready  reference  for  inventory  purposes. 
d.     To  prevent  surging  of  pressure. 

2.  What  is  the  most  coramon  rcethod  of  filling  a  LOX  tank? 

a.  Through  the  Capacity  Gage  Bypass  li^e. 

b.  Through  the  valve  cc    r  coded  black. 

c.  Through  the  valve  color  coded  white.  .  ^ 

d.  Through  the  fill  and  drain  system. 

3.  When  would  there  be  i.  possibility  of  Capacity  Gage  damage  during  a 
filling  operation? 

a.  Capacity  Gage  Bypass  Valve  left  open. 

b.  Fill  and  drain  system  clogged. 
Rupture  in  fill  and  drain  system. 

d.      Capacity  Gage  Bypass  Valve  left  closed. 
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AatHMf  to  Frame  10:  1. 


2.   ^      3.  J_ 


Frame  11 


Before  liquid  can  be  transferred,  enovgh  pressure  must  be  built 
up  In  the  LOX  tank, 

Cautlont    Check  tank  pressure  and  tiose  pressure  relief  valves  for 
free  operation  before  building  up  tank  pressure* 

To  build  up  pressure  in  a  tank  for  transferring  LOX,  the  valves  must 
be  properly  positioned.    The  following  chart  is  the  portion  of  the  chart 
in  Frame  18  that  cove  5  the  pressure  buildup  operation. 


Valves 


Function 


Color 

Pressure 

Name 

Buildup 

Black 

Capacity  Gage 

Open 

Fill  and  nrAln 

Closed 

White 

Pressure  Buildup 

Open 

Red 

Vent 

Closed 

When  doing  a  pressure  buildup  ODeration,  first  make  sure  the  Capacity 
riage  Bypass  Valve  is  open.    Then  cheA  the  l-'ill  and  Drain  Valve  to  make  sure 
that  it  is  closed  h#nd  tight.    Now,  close  the  led  color  coded  Vent  Valve. 
After  the  Vetit  Valve  has  been  closed,  SLOWLY  open  the  Pressure  Buildup 
Valve.    While  opening  the  Pressure  Buildup  Valve,  watch  the  pressure 
increase  on  the  pressure  gage.    Before  the  desired  pressure  is  reached, 
close  the  Pressure  Buildup  Valve.    The  valve  is  closed  before  the  desired 
pressure  is  reached  because  of  the  excess  liquid  in  the  pressure  buildup 
coil.    The  expanding  of  this  excess  liquid  will  cause  the  pressure  to  be 
more  than  what  is  needed  for  transferring.    For  most  transfers,  30  psl  will 
i>e  the  desired  pressure.    Do  not  pressurize  the  LOX  tank  over  50  psl.  Now, 
open  the  Vent  Valve.    You  do  not  want  to  confine  LOX. 
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ftmm  U  (ContM) 

Circle  the  correct  answer  for  each  of  the  following  questions. 

1.  Which  velve  ehould  be  checked  first  for  a  transfer  operation^ 

a.  Fill  and  Drain  Valv^. 

b.  White  color  coded  valve. 

c.  Capacity  Gage  Bypass  V^lve. 

d.  Red  color  coded  valve. 

2.  Opening  which  valve  actually  allows  the  build  up  of  a  pressure  In  a 
LOX  tank? 

a.     Capacity  Gage  Bypass  Valve. 


c.  Fill  and  Drain  Valve. 

d.  Pressure  Buildup  Valve. 

3.  Transferring  of  LOX  can  be  started  at  what  desired  pressure? 

a.  50  ?sl. 

b.  After  the  pressure  buildup  coll  Is  empty. 

c.  30  psl. 

d.  Before  the  pressure  buildup  valve  is  closed. 

4.  What  would  cause  pressure       a  LOX  tank  to  exceed  the  deslrvd 
transfer  pressure? 

a.  Closing  pressure  buildup  valve  too  early. 

b.  Liquid  in  pressure  buildup  coll. 

c.  Leaving  vent  valve  open. 

d.  Not  operating  hose  and  tank  pressure  relief  valves. 


b. 


Vent  Valve. 
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Auwrt  to  Fraae  11:  1. 


2. 


d 


3. 


4. 


b 


c 


c 


Frame  12 


c 
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So  far  you  have  made  sure  that  the  LOX  taxik  from  vfalch  you  will 
transfer  (source  tank)  has  enough  LOX  for  the  transfer  operation  and 
you  have  built  up  enough  pressure  in  the  source  tank  f ot  transferring 
LOX.    Kowt  you  will  Have  to  connect  the  transfer  hose  to  both  the  LOX 
storage  tank  and  the  50  gallon  LOX  cart  that  you.  will  be  filling. 
First  of  all,  temove  the  dust  coveir  from  the  fill  and  drain  line  on  the 
storage  tank./  Now»  remove  the  dust  cover  from  one  end  of  the  transfer 
hose.    Connect  the  open  end  of  thd  transfer  hose  to  the  storage  l:ank 
fill  and  drain  line.    Remove  the  dvst  cover  from  the  uncoupled  end  of 
the  transfer  hose.    Place  this  open  end  of  the  transfer  hose  into  a  drip 
pan*    Slightly  open  the  Fill  and  Drain  Valve  on  the  source  tank.  Allow 
a  small  amount  of  liquid  into  the  hose.    When  the  liquid  starts  coming 
from  the  open  end  of  the  transfer  hose»  close  the  Fill  and  Drain  Valve 
on  the  storage  tank.    The  ).iquid  to.  the  transfer  hore  will  evaporate. 
This  evaporation  action  will  clean  (purge)  the  hose.    Now  you  can  remove 
the  dust  cover  from  the  fill  and  drain  line  on  the  receiving  tank.  Then 
connect  the  transfer  hose  to  the  receiving  tank. 

Circle  the  correct  answer  for  each  of  the  following  questions. 

1.  The  transfer  hose  is  connecte:  to  which  tanx  first? 

a.  Receiving  tank 

b.  Transport  tank 

c.  50  gallon  tank 

d.  Source  tank 

2.  What  is  done  with  the  open  end  of  the  transfer  hose  before  it  is 
purged? 


a. 

Connected  to  receiving  tank. 

b. 

Placed  in  drip  pan. 

c. 

Remains  closed  when  purging. 

d. 

Placed  on  concrete  pad. 

Why 

is  the  transfer  hose  purged? 

a. 

To  coo2  the  hose. 

b. 

To  cool  the  hose  coupling. 

c. 

To  ulewH  the  hose. 

d. 

To  check  for  obstructions 

2m 

Answers  to  Frame  12:    1.  2.     b        3.  c 

Framo.  13 

If  the  LOX  tank  is  empty  at  the  time  it  is  to  be  filled,  you  will 
first  have  to  cool  it  down.    To  cool  down  a  receiving  tank,  slowly  open 
the  Fill  and  Drain  Valve  on  the  source  tank.    Open  it  only  enough  to 
permit  a  partial  flow  of  liquid.    Maintain  this  reduced  flow  rate  until 
the  receiving  tank  will  be  cooled  down.    This  process  will  require  several 
minutes.    A  receiving  tank  will  be  considered  to  be  cooled  enough  when  the 
gas  escaping  from  the  vent  slows  down. 

Once  the  receiving  tank  is  cooled  down  enough,  or  if  the  tank  is 
already  cool,  fully  open  the  Fill  and  Drain  Valve  on  the  source  tank. 
Leave  the  valve  open  until  liquid  LOX  starts  spurting  from  the  vent  on 
the  receiving  tank.    This  spurting  of  liquid  LOX  from  the  vent  will 
indicate  the  receiving  tank    is  full.  '  At  this  point,  close  the  Fill  and 
Drain  Valve  on  the  source  tank,  and  open  the  Vent  Valve.    Then  close  the 
Fill  and  Drain  Valve  on  the  receiving  tank. 

Circle  the  correct  answer  for  each  of  the  following  questions. 

1.  What  flow  rate  is  used  when  cooling  down  a  LOX  tank? 

a.  Reduced  flow  rate  until  gas  coming  fvom  the  ven    aiows  down. 

b.  Full  flow  rate  until  gas  escapes  from  the  vent. 

c.  Reduced  rate  until  liquid  escapes  from  the  vent. 

d.  Full  flow  rate  until  liquid  escapes  from  the  vent. 

2.  What  is  indicated  by  liquid  LOX  coming  from  the  receiving  tank's 
vent? 

a.  Tank  is  cooled  down  enough  to  increase  flow. 

b.  Leak  in  tank  piping. 

c.  Tank  is  full. 

d.  Leak  at  transfer  hose  coupling. 
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AnmmtB  to  ¥vum  13:    1.     •       2.  c 

Frame  14 

After  the  recelvlt\g  tank  la  full,  the  tranafer  hose  must  be 
diaccmnected  and  atored*    Alao,  a  quantity  reading  will  be  taken. 
After  the  receiving  tank  ia  full,  do  not  immediately  disconnect  the 
tranafer  hose.    The  LOX  that  ia  atill  in  the  transfer  hose  will  cause 
presaure  to"  be  extiirted  on  the  hcae.    This  pressure  is  relieved  by 
pulling  the  control  knob  for  the  Hoae  Pressure  Relief  Valve.    Hold  this 
valve  open  until  the  pressure  in  the  hose  ceases  to  escape.  Then 
diaconnect  the  transfer. hose  from  the  receiving  tank.    Replace  the  dust 
covers  on  the  hose  and  the  fill  and  drain  line  on  the  receiving  tank. 
Now,  remove  the  hose  from  the  source  tank.    Again,  rliplace  the  dust 
covers  on  the  other  end  of  the  transfer  hose  and  the  fill  and  drain  line 
on  the  source  tank.    The  transfer  hose  will  be  placed  in  the  hose  trough 
or  other  protective  r'^ceptacle  after  the  dust  caps  have  been  replaced. 

Warning:    Some  liquid  may  remain  In  the  hose  even  after  the  pressure 
has  been  reles^sed.    Use  caution  at  all  times  when  disconnecting  the 
tranafer  hose.    Keep  hose  pointed  away  from  personnel. 

Circle  the  correct  answer  for  each  of  the  following  questions. 

1.  Before  the  transfer  hose  is  disconnected  from  the  receiving  tank, 
what  must  be  done? 

a.  Open  Vent  Valve. 

b.  Full  Hose  Pressure  Relief  Valve. 

c.  Close  Vent  Valve, 

d.  Push  Hose  Pressure  Relief  Valve. 

2.  What  causes  pressure  to  remain  in  the  transfer  hose  after  the  Fill 
and  Drain  Valves  are  closed? 

a.  Sudden  stopping  of  the  flow  of  LOX. 

b.  Liquid  LOX  remaining  in  the  transfer  hose. 

c.  Back  flow  of  liquid  LOX. 

d.  Liquid  LOX  escaping  from  the  vent. 
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iinswers  to  Frame  14:    1.    Jb_      2.  b 

Frame  15  ^  * 

Tha  final  step  of  a  LOX  transfer  is  to  obtain  a  quantity  reading. 
This  may  be  done  by  de|ermining  the  amount  of  LOX  in  either  the  source 
or  receiving  tank.    However,  the  quantity  reading  will  not  be  taken 
until  the  liquid  has  stp.bilized  in  the  tank.    The  time  required  for 
the  liquid  to  stabilize  is  usually  10  minutes.    The  reading  is  obtained 
by  fully  closing  the  Capacity  Gage  Valve.    Do  not  forget  to  reopen, the 
Capacity  Gage  Valve.    The  quantity  of  liquid  transferred  will  be 
recorded  on  an  AFTO  Form  134. 

Circle  the  correct  answer  for  each  of  the  following  questions. 

£ 

1.  What  must  occur  before  a  quantity  reading  is  taken  for  a  LOX 
transfer? 

a.  The  receiving  tank  must  be  warmed  up. 

b.  The  liquid  must  be  out  of  the  transfer  line. 

c.  The  source  tank  must  be  warmed  up. 

d.  The  liquid  must  not  be  moving. 

2.  How  long  will  the  Capacity  Gage  Valve  be  left  closed  when  getting 
a  quantity  reading? 

a.  10  minutes. 

b.  Until  the  reading  is  taken. 

c.  Until  the  liquid  has  stabilized. 

d.  It  is  open  at  all  times. 


22 


2f93  ' 

Answers  to  Frame  15:    1.   ^      2.  f^9f^ 

Frame  16 

*   Review  Exercise 

For  the  first  set  of  questions,  Indicate  whether  the  statement  is 
true  or  false. 

1.  On  LOX  tanks,  the  Capacity  Gage  la  color  coded  black. 
  True 

  False 

2.  The  Vent  Valve  and  the  Pressure  Buildup  Valve  are  the  only  valves 
open  to  buildup  pressure  for  a  transfer  operation, 

  True 

Falae 


3.      The  valve  that  is  color  coded  blue  on  LOX  tanks  is  the  7111  and  Drain 
Valve. 

True 


False 


4.      The, Tank  Pressure  Relief  Valve  is  used  to  relieve  pressure  after  a 
,  LOX  transfer  Is  completed. 

  True 

  False  ^ 


5.  The  Vent  Valve  on  LOX  tanks  is  color  coded  red. 
  True 

  False 

6.  Valves  on  LOX  tanks  should  be  closed  hand  tight  using  &  gloved  hand 
only. 

r 

  True 

False 


7.      The  blue  color  coded  valve  on  LOX  tanks  is  the  Pressure  Buildup  Valve. 

  True 

  False 
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^  am- 

rr«M  16  (ConC*d) 

8.  After  •  LOX  transfer  1«  flnlehed,  the  preaaui;e  in  the  transfer  hose 
It  iralleved  by  pulling  the  Hose  Pressure  Relief  Valve  open. 

■  True 

  Palae  ( 

Por  the  rest  of  the  queatlona,  circle  the  correct  answer  for  each 
of  the  questions. 

9.  Bow  can  you  tell  when  the  receiving  tank  is  full  during  a  transfer 
operation? 

Gas  escaping  from  the  vent. 

t 

.  D.     Transfer  hose  will  frost  over. 

c.  Gas  escaping  from  the  bypass  line. 

d.  Liquid  escaping  from  the  vent. 

10.  Why  is  a  small  amount  of  liquefied  LOX  allowed  into  the  transfer  hose 
oefdre  it  is  connected  to  the  receiving  tank? 

a.  Make  sure  the  source  tank's  Fill  and  Drain  Valve  opens  freely. 

b.  Cool  the  attached  coupling  for  a  tighter  fit. 

c.  Check  for  leaks  in  the  transfer  hose. 

d.  Purge  the  transfer  hose. 

11.  What  two  valves  are  open  when  storing  LOX? 

a.  Capacity  Gage  Valve  and  Fill  and  Drain  Valve. 

b.  Capacity  Gage  Valve  and  Pressure  Buildup  Valve. 

c.  Capacity  Gage  Valve  and  Vent  Valve. 

d.  Fill  and  Drain  Valve  and  Vent  Valve. 

12.  After  a  LOX  transfer  operation  is  finished,  what  is  done  af irer  a  10 
minute  wait? 

a.  Reopen  the  Vent  Vaxve. 

b.  Close  the  Vent  Valve. 

c.  Close  the  Capacity  Gage  Valve. 

d.  peopen  the  Pressure  Buildup  Valve. 
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Frame  16  (ContM) 

13.  Hhat  Is  the  maxistua  pressure  that  should  not  be  exceeded  In  #  LOX  tank? 

a.  30  pal. 

b.  Until  gas  starts  escaping  from  the  Vent  Valve. 

c.  50  pal. 

d.  Until  the  fill  and  drain  line  la  full. 

14.  Before  an  empty  receiving  tank  la  filled,  what  must  be  done  to  the  tank? 

a.  Cooled  down 

b.  Purged 

c.  * Vacuum  checked 

d.  Tank  cleanea 

15.  Why  should  caution  be  used  when  disconnecting  the  transfer  hose? 

a.  Prevent  cont£ualnatlon  from  entering  the  tr&nsfei  hose. 

b.  Prsfvent  Introduction  of  hydrocarbons. 

c.  Liquid  may  remain  In  the  hose  af^er  pressure  is  released. 

d.  Liquid  may  leak  from  the  bypass  line. 

16.  Why  should  the  Pressure  Buildup  Valve  be  closed  before  the  deslred^ 
transfer  pressure  is  reached? 

a.  Prevent  pressure  from  exceeding  50  psi. 

b.  Because  cf  liquid  In  the  pressure  buildup  coll. 

c.  So  LOX         not  be  confined. 

d.  Prevent  damage  to  the  Capacity  Gage  Bypass  valve. 

17.  The  quantity  of  LOX  transferred  will  be  recorded  on  what  form? 

a.  A7  Form  134 

b.  AF  Form  371 

c.  AFTO  Form  134 

d.  AFTO  Form  371 

18.  Whan  two  waives  are  checked  for  free  operation  before  building  up 
preasure  In  a  LOX  tank? 

a.  Capacity  Gage  Valve  and  Fill  and  Drain  Valve. 

b.  Tank  Pressure  Relief  Valve  and  Vept  Valve. 
c«      Capacity  Gage  Valve  and  Vent  Valve. 

d.      Hose  Pressure  Relief  Valve  and  Tank  Pressure  Relief  Valve* 
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99% 

ADiMM  to  S«yl«w  ExcrcliM,  Fr«M  16 

1.  Tru«' 

2.  f4s«  ^  % 

7 

4.  Tru* 

5.  Truf 

6.  Tru« 

7.  False 

8.  Tru« 

9.  d  "  *  . 

10.  d 

11.  c 

12.  c 

13.  c 

M.  a 
I 

15.  c 

16.  b  ^ 

17.  c 

18.  d 


m7 

Prima  17 


A  general  Inapactlon  la  to  be  performed  on  all  LOX  equipment.  The 
following  chart  llata  the  Itena  to  be  Inapected,  what  the  Items  are  to 
b«  Inapected  for.  and  how  often  each  Item  la  to  be  Inapected. 


1  ITEM 

IHSPECTED  FOR 

j  FREQUENCY 

1  Ina.;ru^ent8 

J     Cracked  or  broken  gage  faces. 

1     Damaged  mountings  and  connections. 

Dally  1 
j     Dally  1 

Hoae  . 

1  * 

Excessive  scuff  guard  wear, 
j     Frayed  wire  in  braid. 

Dally  1 
1     Dally  1 

1  Flif  and  Drain  Valve 

j     Physical  damage  and  worn  or  damaged  parts. 

Dally 

1  Cabinet 

Cleanliness  and  absence  of  foreign  objects, 
j     Missing  or^iiamaged  valve  handles. 

1      Daily  1 
Dally  1 

\J  Valves 

Ease  of  operation. 

Leaks  in  bonnet  or  DArkinff 

DaUy 
Dally  ^  1 

1  Brake 

Proper  and  easy  operation.  | 

Dally  1 

1  Tank 

General  physical  condition  and^  loose  or 
missing  hardware. 

Daily 

1  Tires  1 

Cracks,  under inflation,  deterioration,  or 
other  damage  (30  psi  pressure).  ( 

Monthly  J 

1  raxnwea  ouriace  i 

Corrosion,  Rust,  Damage,  Peeling  (Spot 

paint  if  deterioration  constitutes  1 
l«ss  than  25  percent  of  the  entire 
surface  to  be  refinished;  if  25 
percent  or  more,  refinish  entire 
surface.). 

Monthly  j 

*7 
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frmm  17  (Coot*d) 

In  th«  foiloiricg  mutchlng  cxtrcise,  the  lettered  Items  ere  brief 
dMCtlptlone  of  vhet  e  specific  Item  on  the  LOX  equipment  must  be  | 
inspected  for.    Match  the  lettered  Items  to  their  corresponding  numbered 
items. 


1. 

Brake 

a. 

Dally  cracks  and  deterioration 

Vsives 

D. 

Mpnthly  for  corrosion  and 

peeling 

3. 

Csbtnet  x 

c'. 

Dally  for  loose  or  misslAg 

L 

Painted  Surfaces 

* hardware 

41 

K 

Fill    Aful  TVrAin  VaIvp 

A 

u. 

rumvuxy  coi  ease  or  opcraLXon 

6. 

Tires 

e. 

Dally  for  proper  and  easy 

operation 

7. 

Instruments 

f. 

Monthly  for  cracks. 

8. 

Tank 

underlnf latlon  and 

deterioration 

9. 

Hose 

g.      Daily  for  cleanliness  and 
absence  of  foreign  objects 


h.      Monthly  for  loose  or  laissing 
parts 

1.      Eaily  for  physical  damage 
and  worn  or  daicaged  parts 

j.      Daily  for  ease  of  operation 

k.      Daily  for  frayed  wire  in 
braid 

1.      Da',  ly  for  damaged  mountings 
and  connections 
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Anv/crs  to  Frame  17:       e    1.        j    2>        g    3,        b    4,         i  5, 

f    6>   1_7.  c^_8-        k  9. 

Frame  18 

Rivlev  Exercise 

Indicate  whether  *each  of  the  following  statements  are  true  or 
false. 

1.     Brakes  on  mobile  LOX  trailers  will  be  inspected  monthly  for  easy 
operation. 

  True 

  False 


2.     The  Fill  and  Drain  Valve  Is  inspected  daily  foi  physical  damage  and 
worn  or  damaged  parts. 


True 
False 


3.      The  instruments  on  LOX  equipment  will  be  checked  for  damaged  mountings 
and  connections  monthly. 


True 

Faxse 


4.      If  less  than  30  perce-  .  of  thr.  painted  surface  of  LOX  equipment  to  be 
refinished  has  de^^ri<  rated,  the  equipment  will  only  be  spot  painted. 


True 
False 


5.      Each  day  the  tank  of  LOX  equijnnent  is  inspected  for  loose  or  missing 
parts. 

  True 

False 


6.      Instruments  on  LOX  equipment  will  be  inspected  for  cracked  or  broken 
gage  faces  daily. 


True 
False 
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P;«ss  18  (Cont'd) 

7.  Valvtt  on  LOX  equipment  are  Inspected  dally  for  leaks  In  bonnet  or 
pecking. 

— —  True 
  Felse 

8.  Excessive  wear  of  the  hose  scuff  guard  Is  checked  daily. 

— — .  1^^* 
  Pelse 

9.  Tires  on  aoblle  LOX  trailers  are  inspected  daily  to  make  sure  they 
have  30  psl  pressure. 

Tnie 

  False 


10.    LUX  equipment  cabinets  are  inspected  daily  for  missing  or  damaged 
Valve  hana.ss. 

  True 

False 
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Ravitv  Exercise  lUiawers^  Fr«m«  18: 


1. 

7. 
10. 


False 
False 


2,  True 
5.  True 
8,  True 


3. 
6. 
9. 


mi 

False 
True 
False 


Frame  19 


tanks  in  the  previous 
HEAT  LOSS  IN  LOX  STORAGE 


We  spoke  of  the  construction  of  LOX  storage 
frames.    In  the  next/  frames  we  are  to  talk  about 
TANKS.    Heat  can  be  moved  in  three  ways;  conduction,  convection,  and 
radiation.    The  transfer  of  heat  can  be  reduced  or  sieved  down  but  it 
cannot >e  stopped.    Heat  transfer  can  be  reduced  to  the  point  where  it  is 
practical  to  keep  liquid  oxygen.    By  reducing  the  amount  of  heat  to  the 
liquid  oxygen  in  a  LOX  tank,  the  loss  through  VAoorization  is  less.  Note 
in  the  sketch  below  how  the  tank  is  built. 


ATMOSPHERIC    W  AT 
~      70«F   TO  IOO«F  ~ 


INNER  TANK 


ANNULAR  SPACE 


OUTER  TANK 


STAINLESS  STEEL 
SUPPCR'<  S 

Cryotaiuer  Construction  to  reduce  heat  transfer. 
NO  RESPONSE  REQUIRED 
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Aatvtrs  to  Frame  19:    Nd  RESPONSE  REQUIRED 


PrMt  20 


CONDUCTION 


H««t  la  moved  by  conduction  through  some  solid  material  such  as 
metal,  wood,  or  glaaa.    Each  type  of  material  will  move  heat  at  a 
different  degree  or  speed.    To  lower  heat  transfer  by  conduction,  the 
aluminum  Inner  tank  Is  fastened  to  the  aluminum  outer  tank  by  stainless 
steel  supports,  which  are  poor  conductors  of  heat  when  compared  with 
aluminum.    Thus,  the  transfer  of  heat  to  the  inner  tank  by  conduction  is 
slowed  down.    Look  at  the  sketch  in  Frame  19,  page  31. 

Select  the  following  stateinentCs)  that  is/are  true. 

 ^*     Heat  conduction  is  through  a  solid  material. 

 ^2.  -  Stainless  steel  is  a  good  conductor  of  heat. 


/ 
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A&avtrs  to  Fraa*  20:      T     1.         P  2. 


Frame  21 


CONVECTION 


RMt  noved  with  a  fluid  as  a  carrier  or  conveyer,  Is  convection.  All 
gM  and  liquids  are  fluids,  thus,  air  which  is  a  flu. J  Is  a  good  conveyor. 
Om  •xaq>le  is  the  heat  given  off  by  an  old-fashioned  heating  stove  or  a 
caap  heater.    As  the  air  near  the  stove  gets  heated,  it  expands  and 
becOMS  lighter.    This  will  cause  the  air  to  rise.    Cool  air  from  the 
floor  then  noves  toward  the  stove  and  la  heated.    This  continuous  movement 
of  air  heats  the  whole  room.    Heat  transfer  by  convection  is  reduced  in 
an  oxygon  container  by  removing  most  of  the  air  in  the  annular  space  with 
a  vacuum  pu^>.    The  annular  space  is  the  space  between  the  inner  and  outer 
tanks  as,  you  saw  in  the  sketch  in  Frame  19. 

Circle  the  letter  In  front  of  the  correct  answer, 
le     ^luids  are 

a.     water  and  oil, 

be     water  and  air. 

Ce      liquids  and  mercury, 

de      liquids  and  gases 
2.     Heat  given  off  by  a  stove  is  called 

a.  conduction, 

b.  convection, 
Ce  radiation. 

de     conducf:ion  and  convection. 
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kuwSt^to  FruM  21:    1.    d        2.  b 


rr«M  22 
KADIATION 


S^rJL        ^  "         tran8f.r  by  radiation.    The  air  ia  not  heated 
r^Uat'1eaTr%c1ivTf%'^^^^^  '  good  «c«Ple  of  this  heat  tra^nlf er^'s^'the 
It.  h«i-  J!L  !J    .       T  receives  moat  of 

«T  J*  ^  °°  '^'^  «>"»o'^»'8  the  heat  from  ?he 

•un.    The  only  known  way  to  control  radiant  heat  is  co  r^fl^rt  tll 
~.y  fro.  the  ..bject.    Since  the  heat  rays  ca^^ravert^roiaS  « 

V.CUU.  m  tJe  atSLfUnf^h^t'  h'nonLT^"'°"' 

words?**''^*'*        following  statements  by  writing  in  the  correct  word  or 

1.  Heat  received  from  the  sun  is  called  

2.  Radiant  heat  may  be  controlled  by'  reflecting  the  rays 

  the  object.   

3.  Heat  rays   travel  through  a  vacuum. 
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GRAFH  ILLUSTRATION  OF  WHAT  CAUSES  ATMOSPHERIC  PRESSURE  ON  EARTH 
R€fcr«ac«  Frame  23 


Mnmntf  to  Tv&mm  22:    1.    radiation     2.    away  f torn      3.  can 


Fraae  23  ^ 

A  perfect  vacuum,  related  to  liquid  oxygen  storage  tanks.  Is  the 
absence  of  all  atmospheric  air  pressure.    Air  Is  all  around  the  earth 
and  er^tends  out  into  space.    The  weight  of  all  this  air  puts  a  pressure 
on  the  earth  of  14.7  po6nds  per  square  Inch  at  sea  level.    Look  at  the 
graph  illustration  (page  35)  of  what  causes  atmospheric  pressure.  This 
pressure  (atmospheric)  Is  In  all  cavities  and  tanks.    The  atmospheric 
preasure  becomes  less  above  sea  level.    For  each  1000  feet  above  sea 
level,  the  pressure  drops  one-half  pound  per  square  Inch  (psl) .  Any 
pressure  less  than  atmospheric  pressure  1^  a  partial  vacuum.    Note  the 
sketch  on  page  ^7  shows  atmospheric  pressure  pushing  a  mercury  column  up 
the  sealed  (vacuun)  end  of  the  tube.    The  pressure  of  1A.7  psl  (at 
sea  level)  will  push  the  mercury  to  a  height  of  29.9  Inches.    Less  pressure 
will  ral&e  the  mercury  In  a  less  amount.    The  ratio  Is  1  pound  of  pre' sure 
for  every  2  Inches  rise  In  a  col\imn  of  mercury.    At  an  elevation  of  6000 
feet  the  atmospheric  pressure  of  11.7  psl  will  push  the  mercury  column 
to  26.9  Inches.    See  Illustration  on  page  37. 

Select  the  following  statement(s)  that  is/are  true. 

 ^1-     Atmospheric  pressure  becomes  higher  above  sea  level. 

 ^2.     Pressure  less  than  acmospherlc  pressure  Is  a  partial  vacuum. 

 i3.     A  mercury  barometer  Is  used  tc  measure  a  partial  vacuum. 
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Iea  level  atmospheric 
pressure  14.7  psi 


ASSOLUTE  PRESSURE 


29.9 


ATMOSPHERIC  PRESSURE  AT 
CHEYENNE.  WYO.  ELV.  6000  FT. 
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NORMAL  BAROMETRIC 
PRESSURE  REAOINO 
A^  CHEYENNE.  WYO. 
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Barometer  Used  to  Measure  Atmospheric  Pressure. 
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ATMOSPHERIC 
PRCSSUHE 


MANOMETER  ZEROED  VHH 
PRESSURE  EQUAL  ON  BOTH 

SIDES. 


SPACE  i 


AFTER  A  SHORT  TIME  OF 
VACUUM  PUMP  OPERATION. 


AFTER  CONSIDERABLE 
OPERATION  OF  THE 
VACUUM  PUMP. 
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Operation  of  a  Manometer. 


Aawtra  to  Frane  23:    !•    2.      T        3*  t 

Frame  24 

MEASUKEMENT  OF  VACUUMS 

One  Method  used  to  show  the  degree  of  vacuum  Is^  based  on  the 
aeasuranent  of  inches  of  mercury.    A  manometer  can  be  used  for  this. 
The  difference  in  the  operation  of  a  barometer  is  that  a  manometer  will 
use  atmospheric  pressure  as  a  known  pressure  and  a  partial  vacuum  as 
the  unknown,  Illustration  on  page  38.    Note  in  Ex^ple  "A"  that  the  mercury 
ievel  will  be  equal  in  each  side  of  the  U  tube  (manometer)  when  both 
ends  of  the  tube  are  open  to  atmospheric  pressure*    By  connecting  one 
side  of  the  manometer  tube.  ^:o  a  vacuum  space  (the  annular  space  of  the 
tank)  and  then  pump  a  vacuum  in  that  space,  the  mercury  level  in  the 
manometer  will  change.  Example  "B".    Atmospheric  pressure  on  the  open 
end  of  the  manometer  tube  will  force  the  mercury  up  the  tube  connected 
to  the  partial  vacuum.    The  mercury  will  rise  in  the  direction  proportional 
to  the  degree  of  vacuum  that  has  been  created  by  the  pump.  *  Examples 
B  and  C. 

NO    ^SPONSE  REQUIRED. 
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Ansvtrt  to  Frame  24:    NO  RESPONSE  REQUIRED 


Prame  25 


A  vacuum  of  28.9  Inches  of  mercury  is  a  high  vacuum.    But,  in  the 
annular  apace  of  a  LOX  tank,  such  a  vacuum  is  still  not  high  enough  for 
storing  liquid  oxygen.    The  vacuum  in  the  annular  space  should  be  as 
close  as  possible  to  a  perfect  vacuum  (the  absence  of  all  pressure).  The 
manometer  is  a  good  instrument  for  measuring  a  vacuum  to  a  tenth  of  an 
Inch.    But  for  measuring  Xihe  vacuum  in  a  LOX  storage  tank  this  is  not 
good  enough.    To  split  vacuum  readings  in  small  increments  less  than  tentUa 
the  metric  system  is  used.    This  unit  of  measurement  is  the  micron.  In 
C  of  the  figure  shown  on  page  38  the  vacuum  pump  has  pumped  a  low  pressure 
or  vacuum,  equal  to  nearly  30  inches  of  mercury.    As  shown,  the  exact 
measureiiient  is  hard  to  determine.    This  is  why  a  micron  scale  is  used  for 
measuring  the  vacuum  in  a  LOX  tank.      One  inch  of  mercury  is  equal  to 
25,400  microns;  thus,  the  distance  between  28.9  and  29.9  inches  of  mercury 
is  equal  to  25,400  microns.    The  micron  scale  shows  the  increments  so  the 
exact  degree  of  vacuum  can  be  seen.    Instead  of  a  manometer,  the  degree  of 
vacuum  in  a  LOX  tank  is  determined  by  a  vacuum  gage  with  a  micron  scale. 

Select  the  following  statemet>t(s)  that  is/are  true. 


1. 


A  manometer  uses  partial  vacuum  as  a  known  pressure. 

Vacuum  readings  need  to  be  divided  into  smaller  readings  than 
tenths. 


2. 
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Answers  to  Frame  25: 


1.       T  2, 


Frame  26 

MICRON  CAGES 

The  micron  gage  (vacitum  gage)  on  LOX  Storage  Tank    indicates  the 
vacuum  in  the  annular  space.    Its  scale  is  from  0  to  1000  microns.  On 
the  micron  scale  the  less  the  reading,  the  greater  the  vacuum.    As  we 
said  before,  th    greater  the  vacuum  in  the  annuJar  space  the  more 
difficult  it  is  for  heat  to  move  by  convection.    So  the  greater  the 
vacuum  in  the  annular  space  of  a  LOX  TANK  the  more  efficient  it  is  for 
storing  lOX*  * 

NO  RkSPONSE  REQUIRED 
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1.  Pr«9Sur«  R«}if  f  Volvs  1 

2.  Purging  D«v'et 

3.  Button 

4.  Button  or  Switch 
9.  Knob 

6.  Prtsturo  Rtli^f  Volvt  6 


T  Trontfor  Hoso 

8.  Thormocoupio  Vacuum  Gaga 

9.  Vocuum  Volvo  A 

10.  Copocity  Gogo 

1 1.  Protturo  Gogo 

12.  Vont  VqIvo  E 


13.  Prossura  Buiid-Up  Vaivo  D 

14.  FMI-Dro.n  Volvo  C 

15.  Copocity  Gogo  Volvo  B 

16  Tfonotor  Hose 

17  Vocuum  Gogo  Assombly 


Micron  Gage. 
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Antwerp  to  Fraae  26:    NO  :iESPONSE  REQUIBED 


Frame  27 


When  a  50  or  500  gallon  tank  is  cooled  down  (has  LOX  in  the  inner 
tank)  the  vacihim  in  the  annular  space  must  be  less  than  250  microns. 
2,000  or  5,000  gallon  tanks  must  have  a  vacuum  of  100  microns  or  less. 
Anytime  the  vacuum  reading  is  more  than  that  specified  for  storing  LOX, 
the  tank  should  be  taken  out  of  service.    Check  for  leaks  and  recheck 
the  vacuum  holding  capabilities.    If  there  is  not  a  vacuum  in  the 
annular  space  loss  of  LOX  will  result  by  evaporation.    The  micron  gage 
(vacuum  gage)  is  easy  to  use.    It  is  a  thermocouple  tube  and  is  on  the 
panel  of  the  tank  control  hood.    To  take  a  reading,  place  the  toggle 
switch  (4  on  page  42)  in  the  "on"  position.    While  the  s^^itch  is  in  the 
"on"  position  the  needle  of  the  gage  8  on  page  42  should  read  zero.  If 
the  needle  does  not  return       zero,  adjust  the  black  knob  (5  on  page  42 
vhile  pressing  the  contact  button  (switch  3  on  page  42).    Adjusting  the 
potentiometer  should  make  the  guge  needle  return  to  zero.    After  the 
needle  has  been  zeroed,  release  the  contact  button.    The  gage  should  now 
show  the  degree  of  vacuum. 

Complete  the  following  statements  by  filling  in  the  blanks. 

1.      After  a  50  gallon  tank  has  cooled  down,  the  vacuum  should  be 

less  than   microns. 


2.      Without  a  vacuum  in  the  annuxar  space,  loss  of  LOX  will  result  by 


3.      The  micron  gage  is  a   tubr* 


ml 

Answers  to  Fraae  27:    1.    250     2*    evaporation     3.  thermocouple 


Frame  28 

BEVIEW  OF  LOX  STORAGE  TANKS 

Tanks  for  the  storage  and  handling  of  LOX  are  made  In  many  sizes. 
They  range  In  slae  from  small  Dewar  flasks  (thermos  bottles)  for  lab  use 
to  tanks  with  a  capacity  of  many  thousands  of  gallons  for  »nlssile  support. 
There  are  several  different  types  of  tanks  used  for  storage  and  handling 
of  LOX*    A  50  gallon  tank,  mounted  on  a  four-wheel  trailer.  Is  used  to 
service  aircraft.    Other  tanks  have  capacities  of  500- ,  2000- ,  and  5000 
gallons.    These  are  skid  mounted  and  used  for  storage  and  transfer.    All  of 
these  LOX  Storage  Tanks  are  cons  ructed  of  two  concentric  cylinders, 
separated  by  the  annular  space.    This  apace  Is  filled  with  Insulation, 
note  page  ^5. 

The  tenPerature  of  liquid  oxygen  within  tank  Is  -297^F.    Even  so, 
there  Is  a      *ght  boiling  at  all  times  due  to  some  heat  transfer.  This 
slight  boiling  governs  the  evaporation  rate  or  liquid  loss.    The  evaporation 
rate,  by  volume  for  every  2^  hours  with  a  full  tank  should  not  exceed: 

Type  MA-1  (50  gal)  3.0% 
Type  C-]    (500  gal)  1.0% 

No  specified  bolloff  rates  are  given  for  the  2000  or  5000  gallon  LOX  storage 
tanks. 

The  tanks  have  piping,  valves  and  gages  used  In  operation.    All  of 
this  equipment  Is  accesslbla  In  the  tank  control  hood  as  shown  on  page  A5. 
A  fill-drain  line  and  a  vent  line  connect  the  external  piping  to  the 
inner  tank,  (items  17  and  19).    The  fill-drain  lines  contain  porous 
filters  which  take  out  foreign  particles  from  the  final  product.    The  vent 
line  vents  the  inner  tank  to  the  atmosphere  during  normal  storage.  A 
pressure  buildup  coil  (item  2)  is  connected  between  the  vent  and  fill-drain 
lines.    This  coll  acts  as  a  heat  exchanger  and  picks  up  heat  .o  evaporate 
some  liquid  to  pressurize  the  inner  tank  for  liquid  "ransfer.    A  vacuum 
line  is  connected  to  the  annular  space  near  the  top  of  the  storage  tank. 
This  line  is  used  to  evacuate  the  air  in  t^  .  annular  space  ^(item  7) 
page  45. 

Select  the  following  statement(s)  that  is/are  tnie: 


1.  50-gallon  tanks  are  used  to  service  aircraft. 

2.  All  LOX  storage  tanks  are  made  with  two  concentric  cylinders. 

3.  Temperature  of  liquid  oxygen  within  a  tank  is  -?97^F- 

4.  The  fill-drain  liae  is  used  to  fill  or  drain  the  inner  tank. 


5.  The  pressure  buildup  coil  is  connected  between  the  vent  and 
fill-drain  lines. 

6.  The  vacuum  line  evacuates  air  in  the  annular  ipace. 
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•  ) 


1. 

Pressure  Relief  Valve  1 

11. 

Pressure  Gage 

2. 

Pressure  Buildup  Coll 

12. 

Vent  Valve  E 

3. 

Rupture  Disc 

13. 

Pressure  Buildup  Valve  D 

4. 

Safety  Disc 

lA. 

Fill-Drain  Valve  C 

5. 

Safety  Disc 

15. 

Capacity  Gage  Valve  B 

6. 

Relief  Valve  b 

16. 

Filter 

7. 

Vacuum  Line 

17. 

Fill-Drain  Line 

8. 

ThertDocouple  Vccuum  Gage 

18. 

Dainpener  Tank 

9. 

Vacuum  Vajve  A 

19. 

Vent  Line 

10, 

Capacity  f^age 

ilqaid  Oxygen  Cryotalner. 
&5 


AnSf/ra  to  Frame  28:    1.    JL   2.    _r.    3.    _T_   A.    JL   5.    _T_    6.  T_ 


Frame  29 
GAGES 

Conveniently  located  on  t.ae  LOX  Storage  lank  control  hood  are  thrftt 
gages:    The  inner  tank  pressure  gage,  a  capacity  gage,  and  the  vacuum 
gage,  page  A5.    The  purpose  of  the  vacuum  gage  (micron)  indicates  the 
vacuum  in  the  annular  space.    The  pressure  gage  indicates  the  pressure 
Inside  ti.e  inner  tank  when  it  is  built  up  for  the  purpose  of  transferring 
liquid.    It  gives  a  reading  in  pounds  per  square  inch.    The  capacity  gage 
Indicates  the  amount  of  liquid  in  a  LOX  Storage  Tank. 

NO  RESPONSE  REQUIRID 
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Answers  to  Frame  29:    NO  RESPONSE  REQUIRED 


Frame  30 


SAFETY 


Carelessness  in  handling  cryogenic  fluids  can  result  is  bodily  injury 
or  damage  to  equipment.    The  extremely  low  temperatures  can  cause  severe 
frostbite  (burns)  If  allowed  to  contact  human  skin.    High-purity  oxygen 
greatly  increases  the  potential  for  supporting  combustion.    Oxygen  vapors 
mixed  with  such  fuels  as    ^esel  fuel,  tar,  rags,  or  clothing  can  cause  an 
e7:plosion  if  ignited.    There  are  many  sources  of  ignition  which  can  result 
in  an  explosion.    A  few  of  these  sources  are  an  open  flame,  lighted 
cigarettes,  matches,  static  electricity,  or  scraping  shoe  nails  against  a 
concrete  floor.    Always  wear  tightly  wox^  .1  cotton  clothing  whenever  working 
with  liquid  oxygen.    Do  not  wear  woolen  or  nylon  clothing  because  there  is 
danger  of  static  sparks  caused  by  this  material.    Wear  high-top  shoes  with 
sewn  soles  (no  nails).    Wear  your  trouser  legs  outside  shoe  tops  to  prevent 
spilling  liquid  into  your  shoes.    Note  in  the  sketch  what  we  are  talking 
about.    In  addition,  wear  a  face  shield,  loose  fitting  heavy  degreased 
gauntlet  gloves,  and  a  long  rubberized  or  asbestos  apron. 

These  protective  devices  are  mandatory  when  handling  liquid  oxygen. 
Saioking  or  any  other  source  of  ignition  must  not  be  allowed  within  50  feet 
of  the  area  where  liquid  oxygen  is  handled  or  stoied.    Also  do  not  smoke 
for  at  least  30  minutes  after  handling  liquid  oxygen.    Clothing  saturated 
with  oxygen  vapcr  could  explode  with  a  flash  while  lignting  a  cigarette. 
Provide  adequate  ventilation  in  areas  T^ere  liquid  oxygen  is  handled  and 
stored*    It  is  necessary  to  ground  oxygen  tanks  during  transfer  and  otorage. 
Keep  oil  and  grease,  and  auy  hydrocarbons  away  from  an  area  wheie  liquid 
oxygen  is  stored  or  transferred.    Do  not!  allow  equipment  to  become 
contaminated.    Cleanli.  ass  of  person,  clofhing,  and  equipment  is  a  necessity. 


Shoes  must  w«  laced  tightly  and  ruNber  boots  ]Q|y 
^worn  as  additioriMl  foot  protection.  Trouser 
niffs  must  cover  the  tops  of  the  shoes  or  boots.  ^ 


The  apron  mi^sf  cover  the  body  at  least  down  to 
the  knees.   If  ran  be  longer. ■ 


The  cuffs  of  the  asbestos  gloves  must  be  tucked 
inside  the  sleeves  of  your  uniform  to  prevent  spills 
fronv  running  down  inside  the  gloves  >■   ■  ,  „— 


The  fac^  shield  fluul  cover  the  entire  face. 
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ftme  30  (Cont'd) 

Conplete  the  following  statements  by  filling  in  the  word  or  words 
needed  to  finish  the  statement. 

!•     The  protective  devices  which  are  mandatory  when  handling  liquid 

oxygen  are  a  long  »  loose  fitting  

 and  a  , 

2.      Oxygen  vapors  mixed  with  or    can  cause  an 

explosion  if  ignited. 

3*     Always  wear  tightly  woven   clothing  whenever  working  with 

liquid  oxygen. 

4.      It  is  necessary  to   oxygen  tanks  during  transfer  and  storage. 
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Answers  to  Frame  30:    1.    rubberized  apron,  gauntlet  gloves,  face  shield 

2.    dlesel  fuel,  tar       3»    cotton  4.  ground 

f'rame  31 

Review  Exercise 

The  following  questions  are  to  help  summarize  the  macerlal  which  has 
been  presented  in  the  preceding  text.  If  you  cannot  answer  the  questions 
refer  to  the  frame  numbers  at  the  end  of  tLe  questions. 

1.  What  are  three  ways  in  which  heat  can  be  transferred?  (Frames  20,  21,  22) 

2.  Where  is  the  annular  space  located  in  liquid  oxygen  storage  tanks? 
(Frame  19) 

3.  What  gages  are  located  on  the  cryotainer  hood?    (Frame  29) 

4.  Define  a  perfect  vacuum  and  explain  how  a  vacuum  is  used  to  prevent 
vaporization,     (Frame  23) 

5.  What  type  of  gage  is  used  to  measure  the  vacuum  in  the  annular  space? 
(Frame  24) 

6.  When  the  tank  is  cool,  how  many  microns  are  allowed  in  the  annular 
space?    (Frame  25) 

7.  What  are  the  four  types  and  sizes  of  storage  tanks  used  with 
oxygen/nitrogen  plants?    (Frame  28) 

8.  Describe  the  capacity  gage  an^  its  use.     (Frame  29) 

9.  What  ♦afety  devices  are  Installed  in  the  storage  tanks  to  prevent 
excessive  pressure?    (Frames  6  and  7) 

10.    Vtiy  do  the  three  main  control  valves  have  extended  stems?    (Frame  2) 
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Frame  32 

From  the  following  list  of  cryotainer  components,  match  the 
function/operation  to  the  numbered  component. 


1 

Pressure  gage 

a. 

For  moving  liquid  from  one  tank 

to  another. 

2. 

Filler  valve 

b. 

Used  to  buildup  pressure  in  the 

Transfer  hose 

tank  when  needed  to  transfer* 

A 

Rupture  disc 

c. 

Measures  pressure  buildup  within 

the  tank  caused  by  vaporizing 

5. 

Pressure  buildup  valve 

LOX. 

6. 

Capacity  gage 

d. 

Shows  the  amount  of  liquid 

oxygen  in  the  tank. 

7 

r  XXI/ arain  vaxve 

e. 

To  release  pressure  in  the  inner 

8. 

Vent  valve 

tank  and  hose. 

f. 

Opened  by  30  psi  pressure  from 

the  LOX  tank. 

g« 

To  fill  or  drain  liquid  from 

the  tank* 

h. 

Lets  pressure  out  of  the  tank. 

i. 

Breaks  when  pressure  in  the 

annular  space  reaches  30  psig. 

j- 

Breaks  if  the  pop-safety  valve 

falls  to  open. 


50 

2S1 


Anawecs  to  Frame  32:       c     1.        f     2.        a     3.  __i  

b     5.        d     6.        g     7.        h  8. 

INSPECTION,  MAINTENANCE  AND  OPERATIONAL  PROCEDURES  OF  LOX  EQUIPMENT 
INTRODUCTION 

:n  the  first  32  frames  we  learned  how  the  cryotalners  were  built.  In 
theae  next  frames  we  will  learn  how  to  maintain  the  parts  which  make  up  the 
cryotalner  systan.    Methods  of  purging  a  contaminated  storage  tank  will  be 
explained.    Operation  of  the  vacuum  pumps  will  be  discussed  and  operator 
maintenance  which  will  be  required  as  well  as  a  troubleshooting  chart.  All 
of  these  are  necessary  if  we  are  to  keep  the  equipment  in  the  best  possible 
condition  for  a  long  period  of  time. 

Frame  33 

Cleaning  and  Degreasing  Liquid  Oxygen  Tanks 

After  the  inner  tank  or  inner  lines  of  a  storage  tank  have  been 
repaired  they  may  have  a  residue  of  flux,  dirt,  or  oxidation.    Cleaning,  if 
required,  is  usually  done  by  depot  or  contractor  personnel.    Normally,  an 
organization  does  not  have  the  equipment  to  degrease  and  clean  the  tank. 
Even  though  you  may  only  help  clean  a  tank  you  should  know  how  it  is  done. 

Procedures  for  Cleaning  and  Degreasing 

Note:    Before  cleaning  and  degreasing  the  inner  tank  and  lines  of  a 
storage  tank,  the  tank  must  be  drained,  purged  and  warmed.    Refer  to 
TO  37A12-1-101  for  specific  procedures. 


Complete  the  following  ctatement. 
1.     The  tank  must  be  ,   


and   before 


cleaning  and  degreasing. 
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Answers  to  Frame  33:    drained >  purged,  and  warmed 


Frame  34 

The  inner  tank  is  cleaned  with  a  degreasing  solvent  and 
trichlotoethylene» •    A  degreasing  machine  is  connected  to  the  vent 
line  of  the  tank.    The  tank  f ill/'Uain  valve  is  closed  and  its  vent 
valve  Is  open.    The  degreaser  pumps  a  degreasing  solvent  into  the  inner 
tank*    The  vapors  from  the  degreasing  solvent  forms  on  the  inner  surface 
of  the  tank,  washing  any  contaminants  to  the  bottom.    The  pumping 
continues  until  the  vapor  pressure  vithm  the  tank  reaches  30  psig.  The 
degreafiing  machine  is  then  disconnected  from  the  tank  and  the  vent  valve 
on  the  tank  remains  open.    Then  trichloroethylene  is  pumped  into  the  tank 
through  nhe  fill/dvain  line.    With  the  cleaning  solvent  in  th**  tank,  the 
tank  irust  be  agitated.    Slings  are  placed  on  the  tank  and  it  is  lifted  with 
a  crane.    The  crane  operator  shakes  the  tank  from  end  to  end  and  side  to 
aide,  then  lowers  it  so  the  cleaning  solvent  can  be  removed.    The  tank  is 
presi.arized  through  the  vent  line  with  30  psig  of  gaseous  nitrogen.  Then 
the  fill/drain  valve  is  rapidly  opened  to  remove  the  solvent  and  residue. 
The  above  cleaning  procedures  are  repeated  to  insure  the  inner  tank  is 
clean.    The  tank  is  then  purged  with  the  GSU-62/M  purging  unit  to  remove 
all  traces  of  the  vaporous  degreasing  solvent  and  cleaning  solvent. 

Select  the  following  statement(s)  that  is/are  true. 

 1.      The  tank  is  pressurized  with  30  psig  of  gaseous  nitrogen. 

 2.      Trichloroethylene  is  pumped  into  the  tank  through  the  buildup 

vaive. 

 ^3.      The  tank  is  agitated  once  the  cleaning  solvent  is  inside. 
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Anwert  to  Frame  34:    1.     T      2.     T      3.  T 


Frame  35 

INSPECTION  OF  STORAGE  TANKS 

Storage  tanks  operate  under  field  conditions  for  long  periods  of 
time  without  major  overhaul  unless  they  are  damaged  ^:hrough  carelessness 
or  accidents.    The  correct  operation  of  the  storage  tank  is  the  most 
Important  factor  concerning  safety  and  the  storage  of  liquids.  To 
maintain  the  tank  in  the  best  possible  operational  condition  at  all  times, 
the  following  are  checked  as  often  as  indicated: 

1.  Vacuum  assembly.  (Monthly) 

2.  Batteries  (power  supply  for  vacuum  gage  assembly).  (Wec'.ily) 
(Check  for  corrosion.) 

3.  Pressure  relief  valves.     (Check  as  necesary  by  building  up 
pressure  in  the  cryotainer  as  specified  in  the  TO.) 

4.  Outer  shell  rupture  disc.  (Weekly) 

5.  Filter  container.     (Before  use.)     (Monthly,  remove  and  clean 
w4,th  tr ichloroethylene . ) 

6.  Hose  transfer.     (Before  use;  visually  inspect.)     (Also,  once  a 
month,  pressurize  with  nitrogen  or  oxygen  and  leave  overnight.) 

7.  Vacuum  gage.     (As  necessary.)    (At  least  weekly  check  the 
operation  and  microns  of  vacuum.) 

8.  Capacity  gage.     (As  necessary.)     (At  .least  weekly  check  the 
reading  and  operation.) 

9.  Lines  and  valves.     (Check  daily  for  leaks.)     (Visually  inspect 
while  under  pressure.) 

10.  Pressure  buildup  gage.     (Each  time  used  or  at  least  weekly.) 
(Check  the  operation.) 

11.  Valves  (PBU,  vent,  fill/drain).  (Daily).  (Visually  inspect  and 
pressure  test  for  leaks.) 

12.  Pressure  buildup  coil.     (Weekly)     (Visually  inspect  and 
pressure  test  for  leaks.) 

13.  Container.     (Monthly)     (Visually  check  for  damage.) 

14.  Safety  disc  (vent  and  PBU)      (Monthly)     (Check  for  an 
accumulation  of  moisture  and  dirt.) 


53 


2S7 


FrMe  35  (Cont'd) 

Select^the  following  statement(8)  that  Is/are  true, 

 ^1.     Correct  operation  of  storage  tanks  is  an  important  factor 

concerning  safety  and  storage  of  liquid  oxygen. 

 2*     Major  overhauls  must  be  accomplished  very  frequently. 

 ^3.     The  pressure  relief  valves  are  checked  by  building  up. pressure 

according  to  the  TO. 


5A 


Ansvers  to  Frame  3^:       T  1. 


2.       T  3. 


Frame  36 


Most  of  the  above  checks  fire  made  without  disassembling  the 
storage  .tank»  but  occasionally  the  hood  assembly  has  to  be  removed* 
When  disassembling  the  hood  assembly. make  sure  all  the  liquid  oxygen 
has  been  removed  from  the  tank.    Removing  the  liquid  oxygen  and^  allowing 
the  inner  tank  to  warm  up  provide?  for  safe  working  conditions.  Use 
the  proper  tools  to  perform  all  maintenance.    Always  handle  component 
paits  and  assemblies  with  extreme  care  to  prevent  creating  new  troubles. 
After  disassembling,  all  parts  that  contact  the  liquid  oxygen  must  be 
cleaned  with  trichloroethylene  before  they  are  replaced,    DO  NOT  touch 
them  with  your  hands;  use  clean  gloves  because  the. human  &kin  contains 
oils  which  rub  off  on  What  you  touch.    When  assembling  component  ^arts, 
use  Teflon  tape  to  sear'each  connection,    Teflojji  tape  does  not  react  with 
liquid  oxygen.    All  valve  gaskets  that  have  been  removed  must  be  replaced 
with  new  Teflon  gaskets. 

Select  the  following  statement (s)  that  is/are  true, 

r  / 

 ^1.      Clean  gloves  must  be  used  when  handling  parts  that  contact  LOX,  / 


2.      The  hood  assembly  may  be  disassemblcid  with  LOX  in  the  tank. 


_3.      During  maintenance  Teflon  tape  is  used  to  seal  each  connection* 


Gaskets  may  l>e  reused  depending  upon  their  condition. 


V 
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Anawers'^lto  Frame  36:       T     1.  2.        T     3.        T     4,  ^ 

Frame  37  #  ^ 

TESTING  STORAGE  TANKS  tOK  tEAKS 

To  t6st  for  leaks,  pressurize  the  warm  tank  with  dry  oil-free  air 
or  N2  gas.    Never  exceed  the  maxlijium  pressure  specified  in  the  applicable 
TO  fpr  the  tank.    With  the  tank  pressurized,  use  a  brush  to  completely 
coat  all  seams  and  connections  \/ith  an  approved  oxygen  leak  test  liquid 
soap.    If  there  is  a  leak,  t^ubbles  will  appear  wherever  the  soap  solution 
has  been  t^iplied.    To  repair  a  leak,  first  release  the  pressure  and  then 
elimlivate  the  leak  by  tightening,  repairing?  or  replacing  the  faulty 
fittings.  .  Repressurize  the  tank  and  then  apply  another  coat  of  thev 
'leak  test  solution  to  make  certain  thai:  the  leak  has  been  eliminated.  If 
an  approved  oxygen  leak  test  liquid  soap  is  not  available;  a  liquid 
solution  made  with  water  and  ivory  or  caatile  3oap^  can  be  used.  These 
soaps  are  oil-free  and  safe  for  oxygen  equipment.    This  type  of 
solution  is  used  in  the  s^e  way  as  the  preferred  oxygen  leak  test 
solution.    After  the  testing  has  been  completed,  use  trichloroethylene 
to  remove  all  traces  of  Vhe  testing  solution  from  the  equipment..  While 
repairing  any  leak  make  sure  that  the  equipment-ndoes  not  become  contam|.nated 
with  oil  or  grease.  *  .         •  ^  < 


Select  the  following  8tatement(s)  that  is/are\true. ^ 

V  •  ) 

_1.      Nitrogen  is  used  to  test  J^ks  for  leaks. 
2.   ^  Any  type  leak  test  solution  may  be  used. 
_3.     To  repair  a  leak  all  pressure  mus^t  be  released. 


^4.      After  testing^  the  tank  must  be  cleaned  with  trichloroethylene. 


\         I  9 
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'Answers  to  Frame  37r  .    T    1>   2.        T     3.  '     T    4>  ^ 

 ^        ^  .  Frame  38 

r  • 

SERVICING  THE  PRESSURE  GAGE 

The  pressure  gage,  shown  in  figure  on  bottom  of  page  74, 
oeasvres  the  pressure  buildup  within  the  tank  which  is  caused  by  the 
"vaporizing"  of  the  liquid  oxygen  in  the  pressure  buildup  coil.  The 
gage  is  locat:ed  in  the  vent  line  which  prevents  liquid  okygen  from 

•  reaching  the  gage.    It  measures  the  gas  r  ensure  in  pounds  per  square 
inch  and  will  not  measure  .liquid  pressure.    This  gage  is  one  of  the 
most  important  instruments  to  the  operator,  especially  when  transferring 
liquid.    Air  t'orce  specifications  require  a  pressure  of  approximately  30 

t  psi  for  most  transfers.    The  tai^k  pressure  should  never  be  allowed  to 
build  up  higher  than  30  psi.  ^         ^  \ 

.  Note:    If  for  some-,reason  the  gage  does  not  work  and  tke  pop- 
safety  valve  and  the  safety  disc  are  not  working  properly  because 
of  frozen  moisture  or  dirt,  the  tank  could  build  up  sufficient 
pressure  to  rupture  itself.    Such  a  rupture  would  cause < a  great 
deal  of  equipment  damage,  severe  injury,  or  fatalities.  I 

Complete  the  following  statements  by  filling  in^the  blanks. 

1.  Pressure  buildup  within  the  container  caused  by  vaporizing  liquid 
oxygen  is  measured  by  the  .  ' 

2.  To  prevent  liquid  oxygen  frxjm  reaching  the  pressure  gage',  the  gage  i 

\ 

located  in  the  • 

3.  '    When  transferring  liquid  oxygen,  the  tank  pressure  should  never 

♦ 

'  exdeed  • 


\ 
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Answers  to  Frame  38:  1.  pressure  ga^  2.  vent  i;_.e  3.  30  £8i 
Frame  39 


A  defective  pressure  gage  can  measure  either  low  or^high.    If  the 
gage  measures  high,  there  will  be  insufficient  pressure  to  transfer  the 
nn™»i\       l^^t        8^8e  measures  low,  the  pressure  can  exceed  the 
normal  transfer  pressure  of  30  psi,  causing  tha.  pop-safety  valve  to 

P?:8":^e°iV  \iV  t'^^i^'^n''-^'  n*;'c?rcamstLce  L^ld  the 

pressure  itf        rank  exceed  45  ±  5  psi,  the  pressure  needed  to  operate  the 

or'^rthe'         t\  T  '^'"^  ^  '^''''y  -^^"8  -  transfe\''' 

ILllJ^    operation  of  the  safety  valve.     If  you  determine  that  the 
Wd^nef;''     '  -replace  thr  complete  gage  jssembly 

Select  the  following  statement(s)  that^ is/are  true. 

 1.   ^  A  defective  pressure  gage  can  measure  either  high  or  low. 

 2.      The  tank  pressure  should-never  exceed  45  ±  5  psi. 

 3.      If  the  gage  is  determined  to" be  defective,  replace  the  complete 

gage  assembly.  .  '  ^ 


J 


y 
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-^swers  to  Frame  39:       T?  \^1>        T     2.   .     T   3.  "  ^^f- 

'      ^  /      V  ^  Frame  AO 

'''.SERVICING  THE  CAPACITY  ;;AGE 

*  The  capacity  gage,  shown  In  figure       bottom  of  page  74,  operates 

,the  same  as  the  bellows  used  by  a  blacksmith*  As  the  pressure  goes  up  ^ 
on  t^e  bellows,  the  needle  of^  the  gage  moves  toward  maximum*  The 

-    operation  of  the  g^ge  la  all  mechanical,  using  the  pressure  caused  by 
the^weighjt  of  the  LOX  in  the  tink  to  expand*  the  bellows  of  the  gag^e, 
Moveaent  o£  the  bellows  moves  the' needle,  in  reference  to  the  pressure 
on  the  second  bellows,  to  s^ow  th^  amount  of  LOX  in  the  tank. 

A  defective  fcapaclty  gage  will  show  no  measurement,  or  indicate  * 
a  smaller  quantity  than  is  stored  in  the  tank*    To  replace  a  defective 
gage,  remove  the  complete  gagepNassembly.    The  letters  P  (liquid  side) 
and  S  (gas  side)  on  the  tt^k  oL  the  gage  indicates  how  the  gage  assembly 
is  to  be  iLqstalled,  shown  in  figure  on  bottom  of  page  74,    If ,  the  gag<»' 


( 


J.S  not  correctly  installed,  it  will  become  damaged  or  give  a  wrong 
^reading ^f  the  liquid  oxygen  iji  *the  tank.* 


Fill  in  the  blanks  to  complete  the  following  statements. 


1.     As  the  pressure  goes  up  oh  the  ,  the     .  '       of  the  gage 

moves  toward  .  ^  ,   ^  ^ 


2.  To  replace  a  defective  capacity *gage,^ the  complete  assembly  must 
be  . 

3.  If  the  gage  is  itistalled  incorrectly,  it  will^iva  a   


of  the  liqaid  oxygen  in  the  tank. 


i 


\  .59 
\ 
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Answers  for  Frame  40:    1     bellows,  needle,  maximum  2, 

3.    wron^,  read Ing 

/      .  ^  ^  ' 

Frame  41 


reiroved 


The  capacity  gage  is  a  sensitive  differential  prfessure  gage.    It  is 
protected  by  the  surge  tauk  which  reduces  the  surging  of  gas  or  liquids 
within  tile  gage  lines.    An  added  fea'fure  that  protects  the  gage  from  J 
high-pressure  surges  are  the  .013  Inch  orifices  which  reduce  the  high  ^ 
pressure  entering  the' gage. 

When  transferring  liquid  oxygen  the  capacity  gage  bypass  valve  is 
always  open.    This  is  to  protect  the  capacity  gage  f ro^, high  pressute 
and  sudden  surges  during  the, transferring  operations.    When  transferring, 
the  liquid  oxygen  is  boiling,  thus  it  inSuces  a  great  disturbance  within 
the  tank.    If  the  Capacity  gage  bypass  valve  were  closed,  this  disturbance 
would  damage  the  gage. 

Select  the  following  statement(s)  that  is/sfre  true. 

 capacity  gage  bypass,  valve  is  closed  when  transferring  liquid 

 ^2.      The  surge  tank  protects  the, buildup  system  from  sadden  pressure 


changoe. 

_3,.  The  capacitor  gage  is  a  sensitive  differencial  pressure  gage 
^4/^    Orifice  siz^  has  a  definite  bearing  on  the  gage's  operation 


60 
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Answers  to  Frame  41: 


2. 


T  3. 


Fraifte  42 

-ADJUSTING. THE  f OP-SAFETY  VAJ-VE 

•  ^  ^         ■        ♦  '  \ 

The  pop-safety  valve  is  set  to  open  at  45  ±  5  pai  and  protects  the 
^  equipment  and  operator.-  This  type  of  valve  can  be  adjusted  to  operate 
at  the  correct  pressure  if  necessary.    If  an  adjustmetxt  is  required, 
the  valve  is  installed  in  a  Isest  stan^'     If  a  test  stand  Is  not 
available, ^ the  pressure, test  can  be  performed  by  connecting* the  \alve 
to  a  compressed  aij  source  cf  45  ±  5  psi. 

'  I-  ' 

^    Capation:  '  Use  a  calibrated  air  pressure  gage  to  determine  the 
pressure  of"  the  air  source* 


4 


'1  i',r^ 


X<4)     ^  q)  <7)  (8)  c 

i  . 


{ 


1,  Cover  -  valve  ' 

2,  Washer  -  valve  spring 
3;  Spring 

4.  '  Stem  , 

5.  Hn 

6.  Nut  -  star 

7.  Star  disk  ^ 

8.  Ring  volume  adjusting 

9.  Base  assembly  and  se^t 


/ 


•10.    Screw  -  *lock  adjusting  ring  . 
1]^'   Screw  -  pressure  adjusting 

12.  Nut  -  lock  pressure  adjusting 

13.  Nut  -^valve  st^m  (som4  cases  2 
*  each  instead  of  pin 

cutter  //14) 

14.  Pin  -  Cotter  \ 

15.  Cap 

16.  'Screw  -  cap  holding 

17.  Lever  -  manual  release 

*       18.    Pin  -  lever  to  cap  ' 

Pop-Safety  Valve. 


Select  '^he  following  statement (s)  that  is/are  tVue. 


^1, 
2, 


The  pop-safety  valve  protects  the  equipment  and  the  operator. 

To  ^just  the  valve,'  it  is  installed  in  a  test  stand  or  connected 
to  aS:ogpressed  air  source  of  45  t    5  psi. 
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Answers  to  Frame  T  IJ       T    2,  ^ 

    ^ 


Frame  43 


To  adjust 'the  valve^  remdv^e  the  cap  and  lever  (15  anS  17,  Frame  42) 
from  (the  valve  to  expose  the  pressure  adjusting  screti^  (11,  Frame  42).  ^ 
Sloyly  turn  this  screw  to  increase  the  pressure  on  the  valve  to  the 
popping  pressure  of  45  ±  5  psi.    Adjust  the  pressure  adjusting,  screw 
(11,  Frame  42)  until  the  air  pressure  on  the  lower  part  of  the  disc  is 
slightly  mbr^  than  the  spring  tension  which  holdsyCTi^  disc  on  its  seat.  J 
When  this/pidlnc  is  reached, 'the  ^ir  pressure  will  force  the  disc,,  off 
of  its  seat.    This  will  cauf  e  the  valve  to  pop.  J^heck  the  valve  to 
make  certain  that  it  pops  at  the  correct  pressure.    Tighten  the  nut  and 
replace  the  cap  and  .lever.    Ba  sure  to  clean  the  valve  assembly  in 
trichlorocihylene  and  replace  it  as  a  complete  assembly.    After-  replacing 
the  pop  safety  valveij  test  the  tank  for  leaks  with  compressed  air  and 
an  approved  liquid  soap  solution.  ^ 

Ipelect  the  following  statement(s)  that,  is/are  true,  j*  *^ 

 1.      When  air  pressure  forces  the  di^  off  its  seat  the  valve  will 


pop.  •  V 

_2.     The  popping  pressure  of  the  pop-safety  valve  is  45     5  psi. 


^3.     The  valve  must  be  cleaned  with  soap  poljation  prior  to        ^  • 

reinstallation.  _        ^  . 


'J^\      An  operational  check  of  the. valve  is  required  after  adjustment. 


_^5.      After  installation  on  the  tank  a  leaV  check  is  required  using   \.  \' 
an  approved  soap  solution. 


Answers  to  Frj|ine^<3:       T    1.        T    2>   ^3.        T    4.        T  5. 


Frame'  44^ 


There  are  two  foil  discs  on  most  cryotalnern.    These  are  called 
safet;jr  dlscs,^  and  are  in  the  lines  In  parallel  with  the  pi^-safety 
valves.    Xf  the  pop-safety  valves  fall  to  open  or  cannot  get  rid  of 
the  pressure  fast  enough,  the  discs  will  break  and  help  to.v^nt  tfte 
pressure.  ^  y 


It  tanks  H^^e 


Most  tanks  hy^e  a  third  disc,  called  a  rupture  disc,  which  breaks 
at  30  psig.    If  a  leak  should  develop  irt  the  Inner  tank,  liquid  will    '  ^ 
escape  ijite  the  annular  space,  gassing^^f f  and  building  pressure  in 
the  sp^ace  between  -the  tanlcs.  ,  "     .  ^ 


^  Fill  in  the  blanks  to  mak^  a  complete  stateiaent. 

1.  The  safety  device*  which  is  in  the  line  in  parallel  with  the 
^      pop^safety  Valve  is  the    -  .  ;  '  . 

2.  The  rupture  disc  will  break  at  pslg.  ^ 

3.  Thesafety  disc  will%reak  if  the  gp^i^safety  valve  fails  to 


\ 


\ 
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Ansvers^'to  Frame  A4:    1.    safety  disc     2,  *  30     S**^  open 

Frame  45  . .  '  , 

SERVI^INtf  THE  FILLER  VALVE  '    '  /  ^ 

The  filler>  valve  i»  located  on  the  hose  assembly  that  Is  used  to  ^ 
transfer  liquid  oxygen  from  the  LOX  tank^to  ,the  aircraft.    Befote  liqyid 
oxygen  can  be  transferi'ed  <6'an  aircraft  the  hose  |s  connected  to  the.  ^ 
LOX  tank.    Then  the  ho^£  assembly  sLs  purged  by  openings- the  LOX  ^anfc 
fill/drain  valve.    Whftrl  the  female. connector  is  plugged  in  the  aircraft, 
the  liquid  oxygen  begins  to  flow  f^6m  the  LOX  tank.    The  pressure  (30  psi) 
in  the  LOX  tank  will  cause"  the  li(^^ija  oxygen  to  flow  ^y  exerting 
aufficient  pressure  on  the'  filler  valve  to  open  i^.   *Often  the  filler 
valve  will  leak  or  freeze.    This  valve  jfiust  be  very  closely  checked  to  see 
^if  It  functions  prorperly*    A  filler  valve'  that  leaks  will  cause  a  Idss 
lHjuid  oxygen,  which  is ^  safety  hazard  to  operator's.    Do  not  use  torce 
^    to  disconnect  a  frozen ^valve  from  the  aircraft.    1?his  can  cause  damage  to 
'         the  filler  valve.    In*' case  the  valve  is  frozen,  it  -can  be  thawed  with" 

^  water  or  by  the  anbient  air,  jirovidir.g  the  flow  of  IxquKi  oxygen  is  •  \ 

9topped  for  a  short  time.    T|o  stop  the  flow  of  liquid  oxyg,en  the  operator  ^ 
miist  close  the  fill/drain  valv€  and  relieve  the  pressure  f torn  the  nose/  \ 
by  operating;  tfie  hose  pressure  relief  valve.    Rrfar  to  illustifatibn  on' 
pa^e  65  figur'e  5,  for  an^lluptration' of  a  filler  valve. 


♦ 

Select  the  following  statement (s)  that  is/are  true. 

f  r 

\.  The  transfer  hose  must  be  purged  prior  to  aircraft  servicing.  ^ 
1\     The'seivicing  valves  seldom- leak. 

_^3.      Servicing  valves  should  never  be  forced  onto  filler  valves'. 


_!  Pressure  must  be  relieved  from  the  liose  after  servicing 

operations  are  complete. 
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Answers  to  Frame  45:    _T   1.   1^        T   3.        T  4. 


iJlknc 


Frame*  46 


The  sei^id  common  trouble  Is  leaks  betveep  the  disc  and  seat* 
When  this  IMycnown  Install  a- new  valve.    A  valve  that  has)  a  dauaged 
disc  or  seat  Is  detected  by  a' leak  In  the  lines,  thus  the  lines  will 
frost.    Liquid  loss  In  the  LOX  storage  tanks  should  be  limited  to 
evaporation,  some  spillage,  and  gas  out  through-  the  vent  line. 


\ 


Filler  Valve. 

Complete  the^ollovlng  statements  by  filling  In  the  blanks < 


Another  common  trouble  with  the  filler  vaXve  Is 
the  and 


betweea 


2.     A  leak  In  a  ll^e  Is  detected  by 


on  the  line. 


Liquid* loss  In  the  storage  tank  should  be  limited  to 


some 


,  and  gas  out  the 


line. 
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AnsvAxs^to  Frame  46:  1. 

2. 

Fr«ne  47 


/V  . 

Leaks,  disc,, -seat  2.  fyost 
evaporatioa,  spillage,  vent 


Servicing  the  hose  asseJiely 

The  tank  and  servicing  hose  coupling?  are  made  to  hold  the  pressure  and 
tcmperat^jce,  arid  slow  down  the  loss  of  liquid  oxygen  through  transfer  and 
handling.    Check  the  ends  of  the  hose  for  foreigTi  material  before  each 
transfer.    Do  not  ^rag  the  hose  assembly  or  run  over  it  with  any  vehJcle. 
Both  of  these  will  break  or  damage  the  hcse.    This  will  cause  it  to 
leak.    Leaks  can  be  found  by  frosc  spots  on  the  outside  of  the  hose. 
The  transfer  hose 'is  for  moving  liquid  from  one  tank  to  another. 


• 


Tank  aYid  Servicing  Hose  Couplings. 
Select  the  following  statement(s)  that  is/are  true-  . 
__1,      Frost  spows  on  the  outside  of.  the  \iO^^  indicates  a  lea4c- 


2.      The  hose  must  not  be  dragged  or  run  over  with  a  vehicle. 


J}.      The  hoses  are  fairly  durable  and       not  require  special  handling* 


^4.      Hoses  should  be  checked  loiy  FOD  p^io?r  to  use. 
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Answers  to  Frame  47:*      T    1>        T    1.   ^3,  T_4, 


Frame  48 


SERVICING  THE  VENT,  PllESSURE  BUILD-UP,  AND  FILL/DRAIN  VALVES 


These  valves  are  all  similar  in  design  and  are  globe  valves.  Two 
'troubles  are  common  to  globe  valves;  stem  leakage  and  leakage  between 
their  discs  and  seats*    The  most  likely  trouble  is  the  leakage  between 
the  Stan  and  packing,  which  is  easy  to  fix.    Stem  leakage  occurs  only 
while  the  vrilve  is  K>pe^  because  all  globe  valves  are  installed  so  that 
the  pressure  is  against  the  seat  and  disc  when  the  valve  is  closed.  An 
arrow  is  often  stamped  on  the  valve  body  which  shows  the  corriect 
inscallation  according  to  the  ditection  of  flow.    Visually  inspect  the 
valve  through  its  two  openings  before  installation,  this  will  also  show 
you  its  correct  installation  according  to  the  direction  of  flow.  To 
stop  the  packing, from  leaking,  torque  the  packing  nut.    If  a  valve  is 
frozen  from  .moisture,  pour  water  over  it  to  thaw  it  out. 


1. 

Bonnet 

8. 

Ring  -  Packing 

2. 

Stem 

9. 

Packing 

3. 

Nut  -  Disc 

10. 

GlaPd  -  PixCking 

4. 

Disc  *  Valve 

11. 

Nut  -  Packing 

5. 

Gasket 

12, 

Handwheel 

6. 

Seat  -  Valve 

-  13. 

Disc  -  Identification 

Body  -  Valve 

"^-^ 

Nut  -  Handwhee] 

Globe  Valve.         ^  . 

Caution;    Do  not  ^rque  the  packing  nut  too  much.    If  the  Xe^ 
does  not  stop  under  normal  tension  on  the  nut,  remove  the  prjfessure 
from  the  system  and  remove  the  packing  nut.    Rejjlace  the  0I9 


packing  with  a  n^w  teflon  packing  ring. 


) 


These  valves  are  used  for  just  what  their  names  imply* *  The  vent  valve 
lets  pressure  out  of  the  tank  when  it  is  no  longer  needed  t>o  transfer.  The 
pr^essure  buildup  valve  is  used  to  build  up  pressure  in  the  tank  when  needed 
fdr  liquid  transfer.    Thr  fill/drain  valve  is  used  to  ^ill  or  drain  liquid 
from  the  tank. 
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Frame  48  (Ck)ntM) 

Select  the  tollowing  statement (s)  that  is/are  true. 

1»     The  !nost  likely  leaks  on  globe  valves  Is  between  the  stem  and 
seats* 

 An  arrow  pn  the  valve  Sody  indicatep^^he  direction  of  flow.  - 

 ^3.      If  the  packing  is  leaking  it  must  be  replaced,  ^ 


 ^*      If -the  valve  freezes,  water  may  he  used  to  thaw  it  out. 


\ 


/ 
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Answers  to  Frame  48:       T    1,        Tj_2.       "T    3.        T  4. 


I  Frame  49 


TROUBLESHOOTING 


The  method  used  to  find  the  various  troubles  associated  with 
liquid  oxygen  storag^e  tanks  Is  a  systematic  procedure,  of  elimination. 
*In  order  to  use  this  method ,  ^t  Is  Important  to  know  fully  the 
operation  .of  these  tanks*    Since  troubles  which  occur  with  tanks  are 
AuaeroUS:^  it  is  ncessary  to  refer  to  a  troubleshooting  ch^rt,  Table  1, 
pages  70  and  71.    Study  the  various  troubles,  their  probable  cause, 
and  reniedle^. 


There  are  other  malfunctions  that  quay  occur;  but  they  are  of  a 
minor  nature  and^wlll  not  affect  the  transfer,  storage,  cfr  ^fety  in 
handling  of  liquid  oxygen.    A  small  amount  of  mechanical  ability  and 
a  little  common  sense  will  generally  suffice  to  make  necessary  repairs, 
since  the  malfunction  and  the  solution  are  generally  quite  obvious. 
For  information  abQut  the  procedures  used  xu  making  the  repairs  or 
replacements  indicated  in  the  troubleshooting  chart,  refer  to  TO 
37A12-1~101  which  contains  the  repair  instructions. 

-   '   •        /  ' 

Select  the  following  statement (s)  that  is/are  true. 

 1.      Troubleshooting  storage  tanks  is  a  systematic  process  of 

^  elimination. 

■ 

 1*      Troubleshooting  charts  are  used  to  help  you  trouDleshoot 

the  system. 

 ^3,      In  order  to  troubleshoot,  a  thorough  knowledge,  of  t!\e  tank 

operation  is  required. 

 ^4.      Repair  instructions  will  be  found  in  the  applicable  TO. 


69 

303 


wo 

Answers  to  Frame  49:       T    1.        T_2.        T    3.  .       T  A. 


TROUBlI;        '  PROBABLE.  CAUSE  RE11EDY 


oaiecy  oisc 

ueieccivc  pop  sciicty  vcix|^ 

Pon  1  a  r*o 

Dxcws  puu  Deiow 

f}pr>  1  app 

pressure  setting 

Defecti''e  gage 

Op  n  1  nr^  a 
I\t:  p  1  Uw.U 

uxsc  noL  t^rticercu 

P  An  1  a  p 

Halfunctioning 

> 

Valve  stem  le^ks 

^Tighten  or  replace 

oc  capacity  gage 

n  1       A  no 
p«lL.K.xng 

Unstable  liquid  condition 

Wait 

t  Aolr    "in    o^oof    1  i 
lijcaiv   xii  )^**oy^  X i. tic 

Tifflifon  connprtion 

Ppn  1  ;)  pp 

Reolare 

— .  1. 

Lines  t rozen  or  piuggea 

Pressure  gag^e 

No  pressure 

Close-^  vent 

does  not  show 

anu    UliX  XQ  up    VaX  VcS 

any  pressure 

Empty  container 

Fill 

ueteccive  gage 

Rpn 1  A  pp 

{\C  LI  X  n  L>C 

Plugged  lines 

Unplug 

Loose  or  leaky  fittings  * 

ixgiicrrn  cunncCLiun 

Needle  valve'  loose 

Repair  ot  replace 

Leaky  transfer 

Damaged 

Ppn  1  af*o  VirkCP 

hose 

TC  gage  not . 

Batteries  dead 

Replace 

reading  (but  you 

Loose  electr'cal  connections 

Tighten 

have  a  vacuum) 

Tube  burned  t 

Replace 

Defective  ga;. 

Replace 

Safety  disc  Wrong  size  disc  Replace 

does  no"  blow 

at  prescribed 

pressure 

setting 


Pressure  relief        Frozen  Warm,  work  open 

valve  Cdoos  not        Loak  Replace,  adjust 

open  at  prcsrribod 
pressure  setting 


Table  1*    Troubleshooting  Chart. 
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TROUBLE 


PROBABLE  CAUSE 


REMEDY 


\ 

Flow  of  liquid 
restricted 

— ^ 

For^gn  matter  in  hose 
Defective  fill/drain  valve 

/ 

Purge,  cl^n  filters 
Repair  or  replace 

No  pressure 
buildup 

Vent  valve  open 

Defective  pi^es&ure  gage  ' 

?ro8ted  coil                 ^  * 

Insufficient  LOX 

Safety  disc  ruptured 

Plugged  line§ 

Leaks  in  line^and  valves 

•Close  valve 
Replace  gage 
Warm  bp 
Refill 
Replace 
Unplug 

Check  fittings 

Losing  vacuum 


Rupture  disc  blown 
Leak  in  ^weld 
Defective  gage 
Dirt  in  "0"  ring  grooves 

Vacuum  tube  leaks 
Opeued^  vacuum  valve 
Defective  diapliragm  on 

the  vacuum  valve'^  ' 
Leak  through  rough  edges  of 

rupture  disc 
Gasket  leak 


Replace 

Reweld  out^r  shell 
Replace 

i^an  and  replace 
HiQgs 
Rep^ce 

Ch€ck  safety  wire 
Replace 

Cut  foil,  replace 
Replace 


Table  1.    Troubleshooting  Chart  (continued). 
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Frame  30 


VACUUM  mstt 


COPPER  TUBE 


fCMALE  CONNECTOR 
^ CABLE 

TC.  BABE 


MOMENTARY-^ 
ACT  Pij9^  SW)fCH 


fOTCimOliETEfl 
NCCAUBilATlON 

;UMUSTilEliT 


POTENTIOMETER 
KNOB 


Thermocouple  Gage  and  Tube« 

\ 

^SERVICING  THE  VACUUM  GAGE  ASSEMBLf^^  ^  . 

Turn  on  the  toggle  switch,  figure  iboye,  push  the  motneutary  on  switch 
and  the  gage  should  give  a  reading  of  zero.    If  the  gage  needle  does  not^ 
go  to  zero,  adjust  the  potentiometer  knob  while  pressing  the  momentary 
contact  switch*    Turn  the  poteAtlometer  knob  until  the  gage  needle  goes 
to  zero.    Then  release  the  momentary -^n tact  switch  and  the  gage  should 
give  the  correct  micron  reading.    Ifi  tnlBadju^tment  does  not  cause  the 
gage  needle  to  return  to  ^he  gero  positionT^^ie^atteries  are  probably  dead. 
If  the  batteries  are  replaced  or  it  is  determined  tha^  they  are  in  good 
cDttdltion,  the  TO  (thermqcouple)  tube  la  probably  defective.    Replace  the 
thermocouple  tube  .b^  unplupging  It  frcm  the  female  ?:oniiector  (the  electrical 
cable  connection  to  the  gage).    Now  close  the  small  diaphragm  valve  (vacuum 
valveJ^^^Q  prevent  the  loss  of  vacuum.    With  the  valve  closed,  the 
therralpdple  tube  can  be  removed  and  replaced.    Place  teflon  tape  on  the 
thread^  connections,  to  prevent  leakage,  and  replace  the  thermocouple  tube 
to  the  female  cable  connector  and  gage  cable.    The  gage  should  now  operate 
properly.    If  not,  the  wiring  within  the  cable  may  be  defective.  Diagram 
shown  on  top  of  page  73  is  a  complete  wiring  diagram  and  should  be  used 
to  check  for  defective  circuits. 
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Frame  50  (Cont'd) 


Select  the  following  statementCs)  that  is/are  true. 


1.     If  the  gage  needle  will  not  zero  It  must  te  replacec^ 


2«     The  vacuum  Valve  must  be  closed  to  change  ttie  thermocouple. 


3/     The  cannot  be  adjusted  unless  the  momentary -contact 

push  switch ^is  depressed.  ^ 

4.  ^   Teflon  tape  is  required  when  replacing  the  thermocouple. 
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Answers  to  Frame  50: 


50A  I       I  50A  ^ 


6 


CI^MIfffT  Kcoumco 


TOOOLC  SWirCH 


roil 

1.5  V~  1.3  V"r"  MTTCPIY 


'9900 A 


^USH  iUTTOW  SWITCH 


X 


TNCMMOCOU^LC  MCTCR 


Thermocouple  Wiring  Diagrpjn, 


CAPACITY 
?3y»— CACI  SYPASS 
VAiVI 


OMKt  .0)) 
SCRCCN 


< 


•m  OtAIN  ilNI 

Differential  Gage  System. 
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Frawe  51 


PRINCIPLES  OF  OPElfil^TION  OP  A  VACUUM  ?tJMP 


/ 


/ 


The  model  KS-13  vacuum  pump,  illustration  b^l^.  Is  an  air-cooled, 
single  stage,  mechanical  pump.    The  pump  is  designed  tq.pt:inp  air  out.  of  the 
ammlar  space  of  a  LOX  tank. 

•^  *  • 

When  pumping  a  vacuum  the  molecules  of  gas  (air)  in  the  annular  space 
of  the  LOX  tank  must  be  removed*    The  air  is  pumped  c it  by  a  high^v^roum 
pump.    The  term  "high  vncuiun"  is  used  rather  loosely  for  pressurc^^below 
lim&  (mercury).    It  can  be  said  that  high  vacuum  Is  the  molecules  of  gas 
colliding  more, often  with  the«n^ll  of  the  tank  than  with  each  other.  Pumps 
that  a^e  effective  at  ordinary  pressut^s  become  inoper^itive  with  higb  ^ 
vacuums.    In  a  previous  study  guide,  you  should  recall  that  a  partial  vacuum 
can  be  measure(^^  in  Inches  of  mercury  by  a  barometer  or  manometer.  Toy 
measure  the  small  degree  of  pressure  (vacuum)  that!  is  required  for  sdoring 
liquid  oxygen  a  Mcron  is  used  as  the  unit  of  me^urement;     (25,400  microns 
ire  1  Inch  of  mercury  pressure.)  ^ 

^1 


\ 


MCCOLC  VA^VC 
SLIOC  PlNt 


CNOlO  VALVC 


«AS  tALLAS-n 
VALVC  ASSCMtLY 


aLote  VALVC 

(^AIN  LUSKICANT 
LINC  VALVC) 

V 


NCCOLC  VALVCS 
BCAHINOS 


DRAIN  VALVC 


Model  KS-13  High  Vacuum  Simplex  Pumpiyg  Assembly  Operating  Valves < 

Select  the  following  statement (s)  that  is/are  true. 

^i.      The  KS-13  vacuum  pump  is  used  to  evacuate  the  annular  space 
between  the  inner  and  outer  walls  of  the  LOX  tank. 

2.      Vacuum  is  measured  in  macrons. 
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Answers  to  Frame  SI: 
Fraoe  52 


T  1. 


T  2. 


Tl\e  effectiveness  of  a  ^high-vacuum  pump  depends  on  the  oil  ^eal 
that  Is  formed  between  the  piston  and  the  inside  of  the  pump  cha^iber. 
Illustration  below,    k  sourceof^^it^er  is  applied  to  the  .pump  shaft,  causing 
th«  circular  movement  'of  ttie  piston.    As  the  pistqn  moves  Vq,  its 
circular  motion,  a.  suction  or  low  pressure  is  for?bed  ih  the  pump.  The 
low  pressure  Is  tieVe loped  with  each  turn  of  the  shaft  and  piston.  The 
intensity  of  the  low  pressure,  formed  in  the.pumo,  depends  on  the 
quality  of  th§  pil  seal.    Thus,  the  low  pressure  will  cause  the 
inolecujes  of  air  to  flow  in  the^nlet  of  the  puidp.    The  movement  of 
the  air  molecules  in  the  pumpv  i;?  indicated  by  the  arrows  show^i  in  the 
pump  inlet,  illustration  i>elQwf    r  ^ 


Cycle  of  Operations. 

The  low  pressure  jA^he  pump  pulls  the  molecules  of  air  from  the 
lOX  tank  being  pumped.    The  air  i^  drawn  through  the  iulet  (vacuum) 
hose  into  the  cylinder  when  the  piston  is  in  the  down  ctroke.    On  the 
up  stroke  of  the  piston,  the  air  molecules  removed  from  the  LOX  tank, 
are  forced  out  the  the  outlet  valve  and  discharged  through  the  oil 
separator,  page  77,  to  the  atmosphere.    Repetition  of  this  operation  for 
a  period  of  time  continues  to  improve  the  vacuum  in  the  tank. 
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Frame^  W  (Cont'd) 


Model  KS-13  High  Vacuum  Pump  Assembly  OH  Separator. 

Select  the  following  statement (s)  that  Is/are  true. 

1.  '  The  effectiveness  of  the  vacuum  pump  depends  on  the  teflon  seal 
i      between  the  piston  and  outside  chamber* 

2.  ^    Air  Is  pumped  from  the  LOX  tank,  thru  the  pximp  and  (idscharged^ 

to  atmosphere* 

3.  As  the  piston  moves  In  Its  circular  motion,  a  suction  v'>r  low 
pressure  Is  formed  in  the  pump. 

■  I  '       ;  .  ■ 
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Answers  to  Frame  5^: 


*T  2. 


T  3. 


Frame  53 


The  model  KTC^:^  Wcuum' pump,  b^low,  is  a  three  cylinder  air- 
cdbled*,  two-stage,  tnech'anical  pump/  The  pump  Is  designed  to  evacuate 


the^s.  annular  *  Space  of  a  cryotairer. 


GAUGE 

COWHECtlONS 


ELECTRICAL 
BOX 


NO  RESPONSE  REQUIRED 
4^ 
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Answers  to  Frame  53:    NO  RESPONSE  REQUIRED 

Frame  SA 

VACUUM  AlfriNG  OF  LIQUID  STORApE  TANKS 

When  the  vacuum  of  a  tank,  with  liquid  in  the  inner  tank,  is  greater 
than  the  micron  reading  specified  by  the  applicable  TO,  a  pump-down  is  . 
requiired.    Prior  ta  pump-down  of  the  vacuum  in  t^\\e  annular  space  of  a  LOX 
tanl^  be  sure  the  inner  tank  is  empty  and  warm.    After  the  inner  tank  has 
be«  drained,  a  hot  purge  kit  is  iised  to  warm  the  inner  tank  before  purrfpin^ 
the  yacuum.    The  lower  the  vacuum  reading,  the  more  effective  the  tank 
is  for  storing  LOX. 

When  vacuum  pumping  has  been  completed',  the  vacuum  valve  on  the  tank  is 
closed  tightly  before  the  pump  is  stopped.    This  valve  is  then  rewired  in 
the  cl^^wJ  position.    Removing  the  pump  and  then  filling  the  tank  with 
liquid  oxygeh  Is  the  way  to  determine  if  the  vacuum  in  the  insulated  annular 
space  is  sufficient  to  store  liquid  oxygen.    The  procedCires  ^or  vacuum 
pumping  the  insulated  annular  space  of  a  LOX  storageftank  are  listed  in 
TO  ayAlZ-l-lOl.    Thes^  TO  procedures  and  checklist  must  bfe  followed  during 
operation.  ^  / 

Note:    Many  nore  hours  of  pumping  will  "be  required  to  pump  down  the 
vacuum  if  the  inner  tank  has  liquid  oxygen  ip  it. 

Select  the  following  statement (s^  that  is/art;  true.  . 

j_  The  tank  must  be  warm  and  empty  prior  to  pump  down.  • 


2.      The  higher  the  vacuum  reading  the  more  efficient  the  tank  is 
for  storing  LQX.      )  r 

_3.      After  pump  down  is  completed  th^  vacuum  valve  is  safety  wired 
in^ie  closed  position.  V 

^A.      Vacuum  pump  dgwn  may  be  accomplished  quicker  if  LOX. is  in  the 
tank  during  pump  down. 
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Anwers  to  Frame  54:       T   1,   2.  t    T   3>   _4. 

Frame  55 

> 

VACUUM  PIMP  OIL  - 

The  oil  used  in  the  vacuum  pump  is  MIL-L-83767,  Tape  I] 

Tricresylphosphate  is  a  special  grade  of  oil  used  in  oil-seated 
vacuum  pumps •    It  has  the  two  characteristics  that  are  required  for 
best  operation  at  high  vacuum.  < 

•I,     A^very  low  vgpor  pressure  which  does  not  .rise  materially  ac 
temperatures. up  to  122  F.  t 

2.     A  degree^of  viscosity  which  do^s  not  become  too  great  at* 
temo^atures  of  60  F  and  which  stays  the(  same  at  temperatures  cf  up  to ' 
122^F.  ^ 

•The  low  vapor  pressure  is  of  extreme  importance  for  use  in  all 
vacuim  pumps,  ^  Because  of  the  high  vacuums  involved,  any  fraction  with 
appreciable  vapor  pressure,  even  in  minune  quantities,  regaining  in  the 
oil  reduces  the  speed  of  evacuation.    This  oil  must  always  "]be  tised  to 
achieve  the  guaranteed  performance  of  all  oil-seated  vacuum  pumps. 

Select  the  fjrtlowing  statement(s)  th^t  is/are  true. 

 ^1.      Tricresylphosphate  is  a  special  oil  used  in*vacuum  pumps. 


Oil  is  used  to  achieve  the  "seal"  in  all  oil  seated  vacuum 
pumps. 


\ 
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Answers  to  Frame  55:       T    1*       T  2, 


Frame  56 

Trlcresylphosphate  is  a  toxic  oil.    While  you  are  ope*:atinf^^or 
servicing  the  vacuum  pumpv  the  lubricant  may  come  in  contact  with  your 
skin.    If^thio  happens,  wash  the  affected  area  thoroughly  with  soap 
and  watijr.    Any  time  the  pump  is  to  be  operated  make  sure  it  is  iu  a 
well  ventilated  ^rea.    Avoid  breathing ^the  vapors* from  the  pump  exhaust. 

The  oil  in  the  vacuum  pump  should  !^e  changed  when  it  becomes  dirty 
or  contaminated.    Anytime  the  oil  become^  discolored  it  is  an  indication 
of  contamination.    This  oil  normally  is  Clear.    In  case  of  an  emergency, 
oil  can  be  poured  through  a  strainer  and  dry  nitrogen  blown  through 
It  to  takfe  out  any  trace  of  moisture.  * 

Select  the  correct  statement(s)  that  is/are  true. 

 1.      Tricresylphosphate  is  toxic  and  should  not  be  allowed  to  com. 

in  contact  witH  the  skin. 

2.      The  pump  may  be  operated  indoors  in  a  closed  area. 


3.      The  oil  must  be  changed  after  200  hours  of  pump  operation. 


I 


^16  ' 
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Andvers  to  Frame  56: 


T  1. 


2. 


3. 


Frame  57 


PERIODIC  IKSPECTION  OF  VACUUM  PUMP 

To  keep  the  vacuum  pimp  In  a  safe  operational  condition  the 
following  items  should  be  Inspected  as  Indicated: 

ir.     Lubricant:    When  applicable,  drain  a  small  amount  of  oil 
through  the  drain  valve  on  the  oil  separator  into  a  glass  container. 
Let  it  set  for  1  hour,  then  examine  for  solid  particles,  sludge,  and 
water. 

2.  Check  oil  level  daily  for  first  week  of  operation  and  weekly 
thereafter.    Oil  level  should  be  midway  on  the  sight  glass  when  operating 
at  low  inlet  pressures.  ^ 

3.  Inspect  suction  filter  each  250  hours. 

4.  Inspect  oil  mist  eliminator  each  250  hours. 

5.  Check  cart  casters  (apply  correct  grease)  each  100  hours. 

6.  Check  all  attacl^^liardware  for  security,  damage,  and 
wear  each  250  hours. 

NO  RESPONSE  REQUIit>ED  ^ 
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Anmen  tc^  Frame  57:    !K)  RESPONSE  REQUIRED 


fxmmt  58 ' 

The  air  purging  unit,  type  GSU-62/M,  is  Intended  primarily  for 
use  in  purging  liquid  oxygen  storage  tanks,  two  illustrations  shown  on 
next  page. 

PURGE  UNIT 

The  motor  is  a  5  -  horse  power,  3-phase,  60-cycie  unit  operating  at 
3600  rpm.    The  motor  is  designed  to  operate  on  220  or  440  volts  AC. 

The  blower  is  a  rotary,  positive  displacement,  3-lobe  rotor  designed 
unit.    It  is  capable  of  delivering  oil       e  air  to  the  heater  at  6  pounds 
per  minute.    The  blower  end  plates  have  oil  passages  to  allow  free  flow 
of  lubricant  between  the  bearings  and  seals  without  contaminating  the 
air  being  delivered. 

The  heater  assembly  consists  of. six  electrical  heating  elements 
moiinted  in  an  insulated  cyHndrlcal  chamber.    Its  purpose  is  to  heat  the 
incoming  air  from  the  blower  that  is  thermgstatically  controlled.  The 
air  at  the  outlet  of  the  purge  unit  is  350 

The  air  intake  opening  of  the  blower  is  protected  by  a  permanent  type 
washable  filter.    The  air  filter  can  be  disassembled  and  cleaned  by 
washing  it  in  water  and  a  household  detergent.    Wipe  the  filter  and  blow 
it  dry  after  cleaning. 

From  the  list  of  statements  below,  match  the  component  to  its  stated 
purpose/function. 

1.  Used  to  heat  the  incoming  ait  a.  motor 
from  the  blower 

b.  blower 

2.  Can  be  disassembled  and  cleaned 

by  washing  it  in  water  and  a  c.      heater  assembly 

detergent.  Y 


d.      air  filter 


3.  Capable  of  deliverirg  oil-free 
air  to  the  heater  at  6  lbs  per 

/  m:y|iute . 

4.  A  5  hp* 3  ph.  60  cycle  unit  which 
operates  at  3600  rpm. 
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Air  Purging  Unit,  Type  GSU-6/2/M  -  Left  Side. 


A&Mters  to  Frame  58:    !•   £     2.    d     3«    b  4. 
Prase  59 

HEATER  MAGNETIC  CX)NTACTOR 

This  control  receives  powei:  from  the  heater  circuit  breaker  end  is 
controlled  by  a  thermoswitch  located       the  heater  outlet  line.    If  the 
hteter  outlet  temperature  exceeds  350  F»  the  magnetic  contactor  will 
cycle  automatically  and  interrupt  power  to  the  heater. 

THEBMOSWrrCH 

This  switch  is  factor  adjusted  at  350^P.    In  the  field,  you  can 
adjust  the  switch  with  a  screwdriver.    Rotate  the  adjustment  clockwise 
to  Increase  the  temperature  setting  and  counterclockwise  to  decrease  it. 

Caution:    Do  not  attempt  to  change  the  temperature  setting  more 
than  a  few  degrees  at  a  time. 

OVERHEAT  THERMOSTAT 

This  is  a  protective  devire  located  inside  the  control  panel,  but 
its  sensing  element  is  in  the  heater  chamber.    The  overheat  thermostat 
is  f  ictory  set  at. 400  F,  but  it  can  be  readjusted  by  rotating  the  control 
knob.    If  this  thermostat  opens,  -the  entire  110  volt  tontrol  will  be 
disconnected  and  the  blower  and  heater  will  not  operate. 

Select  the  following  8tat«aent(s)  that  is/are  true. 

 ^1.      In  the  field,,  the  thermoswitch  can  be  adjusted  with  a  screwdriver. 


2.  If  the  heater  outlet  temperature  exceeds  350^F,  the  magnetic  ^ 
contactor  must  be  cycled  manually. 

3.  If  the  overheat  thermostat  opens,  the  110  volt  control  Is 
disconnected. 
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Answers  to  Prams  59:   T   1.   1,  T_S. 


Frame  60 


PRI^SURE  SWITCH 


The  pressure  switch  is  activated  by  air  through  a  connection  on  the 
blower  outlet*.    Its  purpose  is  to  check  for  positive  air  pressure  and 
must  remain  closed  for  blower  operation. 

TIhE  DEIAY 

The  time  'delay  relay  is  a  thermal  relay  that  provides  thi  initial 
method  of  starting  the  motor.    However.  45  seconds  after  the  motor  is 
started  the  relay  will  op^n  and  the  pressure  switch  will  maintain  motor 
operation* 

OPERATING  CONTROLS 

HOURMEtER 


The  hourmeter  Is  a  time  totalizer  which  Indicate^  the  ni||iber  of  ^ 
hours  the  equipment  has  been  In  operation.    It  servv'^'  as  a  guide  for 
detennlning  whenit  the  unit  Is  to  be  Inspected.  ^ 

MO  RESPONSE  REQUIR^^ 
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Ansvars  to  Frame  60:    NO  RESPONSE  REQUIRED 
Frame  61 

DMETER 

There  are  two  41al  gages.    One,  which  is  located  on  the  outlet  line 
of  the  heater,  indicates  the  outlet  air  temperature  of  the  hearer.  The 
other  is  a  clamp-on  device,  which  indicates  the  temperature  out  of  the 
nf^tm  being  purged. 

48  VOLT  POWER  (GRID  SYSTEM) 

This  is  a  switch  with%  red  indicating  light  (1)  to  show  when  power 
is  available  to  the  unit  for  operation,  page  89.    The  indicating  light 
is  mounted  above  the  phase  reversal  switch. 

MOTOR  CIRCUIT  BREAKER 

This  circuit  breaker,  page  89  (3),  controls  energizing  power  to  the 
motor  and  permits  the  motor  to  be  started  by  pressing  the  motor  START-STOP 
switch.    In  the  event  of  an  overload  the  circuit  breaker  will  trip  to  the 
OFF  position,  stopping  tRe  motqr. 


HEATER  CIRCUIT* BREAKER 


This  circuit  breaker  (4)  controls  the  electrical  power  to  the  six 
heater  .elements.    If  the  heater  overloads  for  any  reason  the  circuit 
breaker  will  trip.  Interrupting  the  power  to  the  heater  elements. 

PHASi?  REVERSAL  SWITCH 
r 

The  purpose  of  this  switch  (1)  is  to  prevent  damage  to  the  blower  by 
driving  it  in  the  wrong  direction.    Always  wait  for  the  b\awec  to  come 
to  a  dead  stop  before  attempting  to  reverse  its  direction. 

Select  the  following  statement (s)  that  is/are  true. 

1.  The  thermometer  on  the  outlet  line  of  the  heater  indicates  outlet 
air  toaperature. 

2.  The  unit  which  permits  the'tootor  to  be  started  by  pressing  the  . 
Start/Stop  switch  is  the  heAter  circuit  breaker. 
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Answers  to  Frame  61:       T  1. 


2. 


mi 


) 


1315 


1.  Power  on  48  volt  grid  system.  4, 

2.  Start/Stop  Blower/Motor.  5. 

3.  '    Circuit  breaker  b lover. 


Circuit  breaKer  heater, 
Hounneter. 


Air  Purging  Unjt  Control  Panel. 
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Frue  62  If 

From  the  list  of  functions/operations  below»  associate  8  of  10  to 
the  components  of  the  air  purging  unit  and  control  pa..cl.    Match,  by  ^^ 
number*  the  function/operation  to  the  component. 


1,    Indicates  the  outlet  air 
tempe^^ture^out  of  the 
system  being  purged. 

1.    A  red  indicating  light  to  show 
that  power  is  available  for 
opera riqn. 

3.  Controls  energizing  power  to 
the  motor  and  permits  the  motor 
to  be  started  by  pressing  the 
START/STOP  switch. 

4.  Prevents  damage  to  the  blower 
by  its  being  driven  in  the 
wrong  direction. 

5.  Indicates  the  number  of  hours 
the  equipment  has  been  in 
operation. 

6.  Provides  the  initial  of 
starting  and  opens  45  seconds 
after  motor  is  started. 

7.  Checks  for  positi^re  air  pressure 
and  maintains  motor  operation. 

8.  When  open,  disconnects*the 
entire  110  volt  control  and 
the  heater  will  not  operate. 

9.  May  be  adjusted  in  the  fi^ld 
with  screwdriver. 

o 

10.    Cycles  automatically  at  350  F 
and  interrupts  power  to  the 
heater. 


a.  .  Healer  magnetic  contactor 

b.  Thermbswitch 

c.  Overheat  thermostat 

d.  Pressu^  switch 

e.  Time  delay 

f.  Hourmeter 

g.  Phase  reversing  switc^i 

h.  Motor  circuit  breaker 

i.  48  volt  power  (grid  system) 

/ 

jy  Thermometer. 
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Answers  to  Frame  62:    1.  J__     2.    JL_,     3.  Ji__     4.  5.  _f_ 

6.  _e__     7.    _d_     8.  9.     b . 
10.  a 

%                                  .  -     .  . 

The  following  are  questions  for  you  use  in  \ummarizin|  pages 

50  thru  90.    Try  to  answer  the  questions  on  your  ora  but  if  you  are 

uable  to  do  so,  turn  to  the  top  of  the  next  page  a^d  you  will  find 

the  frame  number  where  each  question  may  be  located,  ^ 

QUESTIONS  * 
1.    How  are  LOX  storage  tanks  cleaned  and  degassed?  , 


Eor^l 


1.    What  approved  cleaning  solvent  is  used  for^leining  partd  of  the 
LOX  storage  tank  plumbing? 

j» 

3.  What  is  the  required  pressure  when  transferring  liquid  oxygen? 

4.  What  is  used  tt  pressurize  a  LOX  storage  tank^when  checking  for  leaks? 

5.  What  conditions  afifect  the  perfo^nance  of  the  vacuum  i^mp? 

6.  When  should  the  lubricant  in  the  vacuum  pump  be  chanf^d? 

7.  What  type  of  lubricant  is  used  in  vacuum  pumps? 

8.  The  effectiveness  of  a  high  vacuum  pump  depends  upon? 

9.  The  controlled  outlet  tempera t^re  of  the  air  leaving  the  purge 
unit  heater  is? 

10s    What  is  the  function  of  the  phase  reversal  switch  on  the  pur||4 
unit?  * 

11«    What  type  of  sealing  compound  is  used  on  connections  on  LOX  storage 
tanks? 

12.    What  is  trie  Indication  that  the  transfer  hose  has  developed  a  leak? 
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AiMMT*  to  questions  on  page  91* 

!•  Frsae  32 

2  4  Frame  32 

¥  3.  Frame  36 

4*  Frame  35 

5,  Frame  50 

6*  Franya  55  ^ 

7.  Frye  54  ^ 


8.  Frame  51 

9.  Frames  58  and  59 
10*  Frame  61 

11.  Frames  34  ani{s35 

12^  Frame  45 
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'  INSPECTION  AND  MAINTENANCE  OF  CRYOTAINERS 

OBJECTIVES  ^ 

!•      Using  a  cryotainer,  tools,  inspection,  workcard,  inspect 
cryotalner  and  components,  locating^ three  discrepancies  and 
record  on  AFTO-  Forms  349.    One  instructor  assist  per  form  is 
permissible*  i 

2.  Using  a  TMU-aTM  LQX  cart,  GSU-62M  purging  unit,  and 
workbook,  purge  cr^iotainer.. '  Four  instructor  assists  are  permissible. 

3.  Using  a  Kd-15  vacuum  pump,  vacuum  microngage  and  50- 
gallon  cryotainer,  Evacuate  cryotainer.    Three  instructor  assists 
are  permissible. 

4.  Using  assigned  cryotainer  and  proper  tools,  remove  an3^ 
reinstall  three  of  the  eleven  selected  components.  One  instructor 
assist  is  permissible. 

EQUIPMENT 

3ABR42331-WB^404 
Cryotainer 
TO  37A12-1-101 
TO  36F2-3«1 
Vacuum  pump 
Purge  unit 
Microngage 
Tools 

TO  00-25-06-2-2 
AFTO  Form  26 
AFTO  Form  349 

INSTRUCTIONS 

This  workbook  contains  information  to  guide  you  in  performing 
the  inspection  and  maintenance  of  cryotainers^.    Use  the  technical 
orders  while  you  work  and  to  complete  the  AFTO  Forms  349.  The 
technical  orders  provide  specific  instructions  to  follow  and  the 


Basis  of  Issue 
1 /student 
1/4  students 
1/4  students 
1/4  students 
1/4  students 
1/4  students  ^ 
1/4  students 
As  vequired  (kit) 
1 /student 
As  required 
As  required 


OPIU  3370  TCHTG 
DISTRIBUTION:  '  X 

3370  TCHTG/TTGU-P  -  400, 
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n^CMtary  proc^umt  vhlch  My  priv«nt  Injur;  lo  ycu  or  others  «r«d 

to  vftluAbU  •qulpMttt.    As  ynu  cdnpUtt  «ach  phMt*  hcvs  your 
iMtructdr  check. your  work  and  laiti#I  In  the  space  provided.  Work 
carefttlly  end  observe  ell  safety  precautions.    DO  NOT  HUIWYl 

PAW  I  -  WSPECTION 

* 

Uslaf  the  AFTO  Fom  26,  Inepection  Vorkcaxd,  Inspect  the  assigned 
IXOi  cart.    Locate  and  document  three  discrepancies.    Using  the  TO  00*2S» 
06«»2«2,  cciVltte  the  thre^*  discrepancies  on  AFTO  Forms  349  with  one 
instructor  assist  permitted  per  form. 

PAET  II  •  VACUUM  CHECK 

A  alcrottgage  and  theraocouple  is  used  to  check  for  the  aaount  of 
vacuus  present  in  the  annular  space  of  a  cryotainer. 

1.  Read  TO  37CI1«3-1,  Section  II,  park  2--1  and  2^2  and  study 
Figure  U2. 

2.  Perforoi  a  \*acuuK  check  on  the  MA*1%  TMU«i7M  cryotainer 
assigned  by  the  Instructor  and  det^ralne  if  it  la  good  or  bad. 

Instructor^  %  Initials  

PART  III  «  VACUUM  PROCEDURES 

Vacuiei  the  annular  space  of  the  LQX  cart  with  KTC--21  vacuum  punp*. 
Before  using  the  vacwm  pump,  refer  to  Figure  2  ir  TO  37A12-2-101  and 
becQM  faalller  iflth  the  varloua  coBponents  of  tb  .  unit.    Follow  t^ht 
step^7««tep  procedures  listed  below  for  vacuuming  the  LOL  cart.    DO  HOT 
OEVIAfS  FROM  THRSS.  STEPS,    if  there  is  bome4^iing  that  does  not  work  or 
is  brok«m  or  damaged «  tell  your  inatructor  C^DIATELY. 


check  Itv 


1.     Close  the  vacuum  valve  tightly.    Have  your  instructor 


Instructor's  Initials 


2.  Remove  the  bolts,  nuts,  and  flat  washers  (Figure  3,  Items 
1,  2,  3)  .hat  secure  the  coup]  >g  cap  (Item  4)  to  the  coupling  plate 
(Item  7)  on  the  Vacuum  Hne. 

3.  Remove  the  coupling  cap  (Item  k)  and  seal  (Item  6)  from 
the  coupling  body  (Item  7).    Discard  the  old  seal  but  save  the  blank 
plate  (Item  4)  for  relnatallation  after  pump  doim. 

A.     Lightly  coat  a  new  seal  with  vacuum  grease  R-90.  Next, 
install  the  seal  Into  the  coiq>ling  body  and  install  the  vacuum  pump  nose 
fitting  (Item  8)  on  the  coupling  plate  (Item  7).    Reinstall  the  two 
bolts,  flat  waahers,  and  nuts.    Tighten  the  nuts  until  there  is  metal  to 
metal  crntact  betwef^n  the  hose  fitting  and  coupling  plate. 
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Lifbtly  ^oat  tb«  host  coupling  of  tbt  Tseuus  pump  boss 
f  Ittlnt  \ltm  8)  vlth  vacuus  greus.    Install  tbs  strvlclng  host  fron 
th«  vacuus  puap  ovar  tha  mala  end  of  tha  vacuun  puap  hoaa  flttlnt  (Itam 
8).   4aeura  tha  hoac  to  tha  fitting  with  a  boaa  clanp.    voat  tha  Joint 
batvaan  tha  hoaa  and  fitting  vlth  vacuus  graaaa. 

6.     Rasova  tha  safaty  vlra  frou  tha  vacuus  valva  but  DO  NOT 
OPKH  tha  valva.  « 

Instructor^ a  Inltlala  


Start  the  vacuus  pusp  to  avacuata  tha  air  fros  tha  vacuus 
hoaa«    With  tha  vacuus  pusp  running,  SLOWLY  opan  tha  vacuus  pusp  not 
sora  than  OWB^QgAITH  TUtM.    This  la  nacaaaary  to  pravant  a  suddan  In- 

•  ruab  of  air  Into  tha  vacuus  f lltar  within  \h%  tank  annulua,  which  could 
cauaa  packing  of  Inaulttlon  agalnat  tha  f lltar.    Walt' a  faw  slnutaa  and 

.  SLOWLY  opan  tha  vacuus  valva  to  tha  ^ully  opan  poaltlon. 

Inatructor's  Inltlals_  


8.  The  tank  can  be  consldarad  to  hava  adaquata  vacuus  whan 
tha  slcron  raadlng  la  laaa  than  100  slcrona  with  tha  tank  at  purging 
tasparatura.    Pusplng  ahould  ba  contlnuad,  bowavar*  to  tha  lowa^t  poaalbla 
slcr^^ raadlng,  prafarably  balow  100  slcrona.    If  tha  tank  cannot  ba 
puspad  down*  to  300  slcrona  saaaurad  on  tha  tharsocoupla  gaga  af  tar  3  to 
3%  bouta  of  contlnuoua  pusplng,  thara  la  a  laak  In  tha  vacuus  ayatas. 

For  laak  datactlon  and  rapalr  bayond  basa  capability,  raquaat  dapot 
aaalatanca  In  accordanca  with  TO  00-25*107. 

9.  With  tha  vacuus  pusp  runalng,  doao  4nd  safaty  wira  tha 
vacuus  valva  to  pravant  accidental  opening  of  tha  valve. 

Inatructor'a  Inltlala  .. 


10.  Stop  tha  vacuus  pusp  ani'^  dfleonnact  it  fro^i  the  vacuus 
pusp  hoaa  fitting  (Itas  8).  Rasove  t^ie  two  bolta,  four  flat  waahara, 
and  two  nuta  that  secure  the  vacuus  :>usp  hoaa  fitting  to  tha  coupling 
plate  (Ites  7),  resova  the  hoaa  fitting  end  seal.    Dlacard  the  aaal. 

U.    Coat  the  new  aeal  with  vacuus  greaae  and  Install  tha  aaal 
In  the  coupllfig  body  <Xtas6).    Poaltlon  the  coupling  cap  (Itas  4)  on 
tha  coupling  plate  (ItasTTand  coupll  %  body.    Secure  with  two  bolta, 
four  flat  waahara,  and  two  nuts. 


Instructor's  Initiala 


The  next  part  of  this  workbook  wi^l  direct  you  in  performing  malnta^- 
nance  m  aalected  cosponanta.    Thla  la  to  prepare  you  for  maintaining 
the  e^u'psent  you  will  be  working  with.    The  technical  order  containing 
the  indorsation  you  need  to  repair  tha  unite  Hated  baaida  each  ites. 
Work  carefully  and  do  not  hurry. 
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?ART  IV  *  PURGIHG  PROCEDURES 


Cryotain«:"8  ar«  not  purged  on  «  periodic  (time)  basis,  but 
rsthsr  vhan  ths  p^r^tntagM  of  cont^dnants  reaches  an  undesirable 
level  as  determined  by  (1)  laboratory  tests,  <2)  odor  of  particulate 
testing.    In  this  event,  the  storage  tank  must  be  drained  and 
purged.    Purging  is  the  process  of  forcing  heated  air  cr  nitrogen 
through  the  drained  tank  causing  residual  liquid  oxygen  (LO^)  and 
any  contaminants  which  e^ered  the  tank  to  be  converted  to  a 
g^ous  state  and  dispelled  from  the  tank. 

NOTE:    The  contaminants  primarily  consist  of  acetylene 
(^2^2^*  carbon  dioxide  (CO2),  nitrous  oxide  (NjO),  and  other 
*^vam  of  hydrocarbons  vhicn  tend  to  settle  to  the  bottom  of  the 
tank  as  solids  at  the  cold  liquid  oxygen  temperature. 

PUIGIMG  FRBQQENCV' 

(1)  Ho  periodic  schedule  for  purging  of  tanks  or  carts. 

(2)  Requirements  for  draining  and  purging  are  established 
in  Technical  Order  42B6«1«1. 

(3)  Evidence  of  contamination  of  a  storage  tank  will  require 
all  servicing  carts  used  to  transport  liquid  oxygen  from  the 
source  to  be  purged  along  with  the  tank  to  assure  complete  disposal 
of  the  contaminated  L02.  % 

Instructor's  Initials 


SAFETY t    Before  you  begin  to  vork  with  liquid  oxygen,  you 
must  first  be  avare  of  some  of  the  hasards  in  working' with  ^oxygen. 
Observe  all  safety  precautions  outlined  in  technical  orders, 
intludlng  the  wearing  of  protective  devices  to  prevent  bodily 
contact  vlth  liquid  oxygen.    Hake  certain  the  ground  areas  onto 
which  the  LO^  will  be  discharged  are  free  of  all  hydrocarbons 
(o^l,  greaset  lumber  or  wood,  macadam,  grass,  etc).    These  are 
not  compatible  with  liquid  oxygen  and  spontaneous  fire  or  explosion 
may  result. 

STEP  1 

1.     Remove  the  filter  from  the  fill  and  drain  line.  On 

units  which  have  separatir  fill  and  drain  filters,  remove  both 
filters. 

2*     Before  starting  the  purging  procedures,  make  sure  that 

the^I'OZ  cart  has  no  liquid  or  pressure  in  it. 


5 


331 


3,  Position  th«  Air  purging  srii  type*GSU-62/M  within  10 
f««t  of  the  tsnk  vent  line.  (If  purging  unit  ie  not  available, 
heated  nitrogen  gaa  may  be  used.)  Connect  the  puring  unit  to  a 
source  of  220/440-volt,  3-?haae,  60-hert2  AC  power.  Connect  the 
servicing  hose  of  the  purging  unit  to  the  tank  vent  line.  Vent 
line  adapters  are  available  with  th«i  unit.  Attach  the  temperature 
gage  furnished  vlth  the  purging  unit  to  the  male  fitting  of  the 
fill  and  dtain  line. 

4.  Before  operating  the  purging  unit,  read  TO  36G2-3-1, 
Section  2,  page  3-9. 


3.     Start  the  purging  unit  an^    et  it  run  for  20  minutes 
with  the  heater  switch  "OFF." 

6.  After  running  the  unit  for  20  minutes  with  the  heater 
sirltch  "OFF,"*  turn  the  heeter  rv-tch  "ON"  and  let  the  unit  run 
until  the  drtln  line  fitting  L  approximately  104*C  or  220*F. 

7.  After  the  mit  hai;  been  stopped,  open  the  pressure 
buildup  valve  and  close  the  fill  and  drain  valve. 

8.  Disconnect  all  tubing  at  the  liquid  level  gage,  presstire 
gage,  hose  pressure  relief  valve,  and  rtq>ture  disc.    Remove  the 
t^^rmoMter  from  the  hoM  quick  disconnect  fitting  and  replace 
with  a  dust  cap. 


9.  Start  the  purging  unit«    Crack  the  fill  and  drain  valve 
enough  to  get  a  moderate  flenr  at  the  hose  relief  valve  and  rupture 

«dlsc  opening.    Continue  the  purging  until  all  circuits  hove  been 
purged  for  at  least  one  hour  ot  until  all  solvent  vapors  or  fumes 
have  bfen  removed.    Reassemble  all  iustruments  and  safety  device 
tubing. 

10.  Disconnect  tua  purging  unit  servicing  hose  and  remove 
the  temperature  gage  item  the  tank.    Store  them  in  the  purging 
utrlt. 

11.  Reconnect  the  pressure  buildup  line  to  tht  vent  line. 
When  making  the  connection,  use  anti«iieise  tape  on  the  pipe 
threads  bofore  assembling  the  pipes.    Start  the  application  of 
the  tape  at  the  third  thread  to  prevent  contamination  of  the 
system. 

12.  Cl^^s^Kitiie  fill  rnd  drain  valve  and  the  vent  valve  and 
leave  them  closed  until  tne  tank  is  filled  with  liquid  oxygen, 
this  will  prevent  moist  air  or  other  contaminants  from  entaring 
the  tank. 
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Instructor's  Initials 
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13.    Clean  the  filters  and  flush  the  hose  with* trlchloroethylene 
and  then  dry  them  with  the  purging  unit. 

14 •    Install  the  dry  filters  in  the  fill  and  drain  lines. 

15.    Install  the  transfer  hose. 

Instructor's  Initials 


PART  V  -  MAINTENANCE 

The  instructor  will  select  and  give  to  you  three  out  of  the 
11  cootponents 'listed  below.    These  componmts  vlth  TO  number, 
page,  and  paragraph  number    listed  along  aide  of  it,  refer  to 
that  reference  and  follow  the  step^oy-^tep  procedures  you  will 
find  there.    Those  items  without  the  TO  reference  listed  follow 
the  4,tep-by<-step  procedures  listed  in  this  workbook. 

NOTE:    Before  performing  any^malntenance  on  the  LOX  cart, 
make  sure  that  the  cart  is  empty  and^'tlie^  is  no  pressilre  in  the 
lines. 

1)  Pressure  rupture  disc/MA-l/TO  37A12-l-10rV  page  4«>5,  para  4« 
18,  fig  4-7.  \ 

»  ■ 

2)  Quantity  ga'ge/MA-lTO  37A12-1-101,  pages  4-8  &  9,  para  4*35. 

3)  Pressure  gage/MA'-l/TO  37A12-1--101,  page  4-4,  para  4-34. 

4)  Transfer  hose/MA*l 

a.  Using  a  spanner  wrench,  loosen  the  end  of  the  hose  that 
connects  the  hose  to  the  cart. 

b.  After  the  hose  is  loose,  use  your  hands  to  remove  the 
^t^e  completely. 

c>>v^  To  reinstall  the  hose,  reverse  the  steps. 

4a)    Transfer  ho8e/TMU-27M 

a.  Using  a  ford  wrench,  unscrew  the  hose  from  the  cart. 

b.  After  the  hose  has  been  removed,  clean  both  ends  thoroughly. 

c.  After  both  ends  have  been  thoroughly  cleaned,  apply  aew 
anti*-seize  tape  to  the  male  part  of  the  cart. 

d.  After  th6  anti«*seise  t    ^  has  beei^  installed,  screw  the 
hose  back  in  to  the  cart  and  use  a  ford  wrench  to  tighten. 
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5)  TrmMfer  hose  filler  velv«/MA^l/?MU-27M/TO  37A12-1-101,  fig 
4-11,  p«ge  4-13. 

«•     Using  a  7/8**  end  s  9/16**  %irrench,  unscrew  the  filler 
velire  froa  tho  treosfer  hose. 

>^ 

b.  Reaove  the  old  enti-seixe  tape  from  the  valve  and  clean 
the  hose  and  the  valve  thoroughly. 

c.  After  the  hose  and  valve  have  been  cleaned  thoroughly, 
apply  nev  anti^^eize  tape  to  the  valve. 

^.     To  install  the  nev  part,  reverse  step  (a). 

6)  Transfer  hose  sbutoff  .va]|veF/MA*l/THU-27M 

a.  Using  a  ford  wrench,  turn  the  bas^  of  the  valve  counter- 
clockwise and  then  renove  the  valve. 

b.  After  the  valve  has  been  reoKnred,  clean  the  male  portion 
of  the  manifold.    Then  clean  the  female  portion  of  the  valve, 
making  sure  both  parts  are  free  from  dirt,  dust,  oil.  etc. 

c.  After  both  parts  have  been  thoroughly  cleaned,  apply 
anti-seize  tape  to  the  male  portion  of  the  manifold. 

d.  Now  you  are  ready  to  ins  tell  the  pai;t  onto  the  cart.  41 
Place  the  valve  squarely  on  the  male  part  of  the  manifold  and 

screw  the  valve  clockwise  (making  sure  the  valve  is  not  crossthreaded) . 
How  tighten  the  valve  using  the  ford  wrendi. 

7)  Tubing/MA-1/TMU-27M 

a.  Using  the  appropriate  size  wrench,  depending  upon  the 
size  of  the  tubing  and  **B**  nutSt  turn  the  **B**  nuts  counterclockwise 
and  then  remove. 

b.  To  insUll  the  tubing,  reverse  step  (a)  (making  sure 
that  the  **B**  nuts  are  not  cross  threaded).  f 

8)  Cart  filler  valve/TKU-27H 

a.     Using  a  ford  wrench,  turn  the  base  of  the  valve  counter- 
clockwise and  then  rMove  the  valve. 

V.     After  the  iwlve  has  been  removed,  cleav  the  male  portion 
of  the  manifold.    Then  clean  the  female  portion  of  the  valve, 
making  mire  both  parts  are  free  from  dirt,  oil,  dust,  etc. 

c.  After  both  p^vtM  are  thoroughly  cleaned,  apply  anti- 
seise  tape  to  the  ma?    oortion  of  the  manifold. 
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d.     Now  you  «r«  ready  to  reiiwtall  tne  part  back  onto  the 
cart.    Place  the  valve  squarely  on  the  male  part  of  tho  manifold 
and  ecrev  the  valve  clockvlse  (txaklng  sure  the  valve  is  not 
croesthreaded).    Nov  tighten  the  valve  using  the  ford  wrench. 

9)  Vent  valve/MA-^l 

a.     Use  the  saap  steps  as  for  the  shutoff  valve. 
9a)    Vent  valve/THD«*27M 

a.  Using  a  12**  crescent  wrench,  turn  the  base  of  the  valve 
counterclockwise  and  then  remove  the  valve. 

b.  After  the  valve  has  been  reaoved^  clean  the  male  portion 
of  the  valve  and  the  female  portion  of  the  manifold,  making  sure^' 
both  parts  are  free  of  dirt,  oil,  dust,  etc. 

c.  After  both  parts  ari»  thorou^ly  cleaned,  apply  anti«* 
seise  tape  to  the  male  part  of  the  valve. 

d.  Now  you  are  ready  to  reinstall  the  part  back  onto  the 
cart.    Place  the  valve  squarely  in  the  female  part  of  the  manifold 
and  «;.rew  the  valve  dockwiae  (making  sure  the  valve  is  not 
cross  threaded).    Now  tighten  the  valve  using  the  crescent  wrench. 

10)  Buildup  valve/TMU-27M/MA«l 

a.     Use  the  same  steps  as  for  the  shutoff  valve, 
i^l)    Pressure  relief  valve/HA*l 

a.  Uaing  a  S/S**  open  end  wrench,  remove  the  tubing  attached 
to  the  rear  Md  of  the  valve,  turning  the  ^'B"  nut  counterclockwise. 

b.  Now  remove  the  cotter  pin  connacting  the  pull  handle  to 
the  valve  and  remove  the  handle. 

« 

c.  Ualng  a  coamon  screwdriver  and  3 /ft"  wrench,  remove  the 
^   two  acrevs  and  bracket  holding  the  relief  valve  to  the  side  of 

,  the  cart. 

d.  For  Installation,  reverse  the  at«ps  for  removal. 

Instructor's  Initials 


PART  VI  -  OPERATIOHAT  AND  LEAK  CHECK 

Upon  coapletlon  of  Psrts  I-V,  It  will  be  necessary  to  perform 
a  leakage,  and  operational  check  on  the  cryolamer. 
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PS0CEDURE 


Obtain  a  sarvlclng  checklist  froa  your  Instructor  and  follov 
•11  safety  and  general  instructions.    Pay  strict  attention  to  all 
procsdurss*  ssp^ciaLly  safaty.    If  you  have  any  questions*  ask 
your  ine]:ructor.    TOu  id  11  be  working  with  liquid  nitrogen* 
therefore*  it  is  iaperative  that  you  be  sure  of  what  you  are'' 
doifkg  before  you  do  it. 


\ 


336 


10 


P80(3tAMffiD  TEXT 


Technical  Training 


Aircraft  EnvlronoMntal  Systems  Mechanic 


LITE  RAFT  IMFUTION  EQUIPMENT 


22  September  1977 


3350  TECHNICAL  TRAINING  WING 
3370  Technical  Training  Group 
Chanute  Air  Force  Baae,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOB 


337 


i  IDREHpRD 

Ihls  progTMMd  twt  W  prppArad  for  use  Ir  th^  3ABBA2£l,  Aircraft 
.  Enviroiumtal  SyttMMi  Itechanlc  Course,    It  vm  vUidatad  using  studrnta 
enrolled  la  tha  3m42331  Couraa,    AC  l*«»t  90X  of  tha  atudanta  achlavad 
tha  obiactlvaa  aa  atatad*    Tha  avaraja  tlM  raqulrad  to  conplata  thla 
taxt  la  S5  ndnutaa* 

OBJECTIVE 

Ralata  thraa  (3)  of  flva  (5)  coovonanta  of  Ufa  raft  Inflation 
aqulpOMiit  to  thalr  operation. 

IMSTKOWIONS 

Thla  prograMad  taxt  conalata  of  two  aactlona.    Tha  aatarlal 
con'walnad  In  aa'ctlon  "A"  la  on  tha  conatruetlon  of  Ufa  raft  Inf  J^atlon  . 
cyllndara* 

Sactlon  "B'*  Information  la  on  tha  operation  of  tha  Ufa  raft 
Inflation  cyUndara^i 

Tha  iniormatlon  la  thla  taxt  la  praaantad  In  anall  atapa  called 
"fraMa."   After  reading  tha  Information  In  each  fasla»  you  are  aakad 
to  aalect  aaavara  or  teapond»  In  aona  manner,  to  wow  that  you  binder- 
atand  tha  Information  In  that  frame.    Aa  you  prr^graaa  through  the 
leaaon  you  vill  be  laatructed  to  either  mrlte  your  anwar  In  tha 
booklet  or  on  a  Mparate  reaponaa  ^aet.    The  anaiiara  to  each  frame 
can  be  found  on  top. of  the  following  page.    If  70U  aalect  tha  cprract 
anawera,  continue  to  tha  next  frame.    If  yoi^  are  wrong  or  In  doubt, 
rea4  the  material  again  and  correct  youraelf  before  proceeding.  Work 
carefully  und  00  MM  BORBYt  1 1 


Suparaadaa  3AB142231-PT-316 ,  19  February  1971. 
OPBi    3370  TTG  ...  ^ 

DISrmBDTIQI  x  E 

3370  TTCTC  -  400;    TTVSR  -  1 

^  33S 


,    *  ^        '  Framal 

Our  cmtMr  fjUld  Is^  not  tMponslbla  £or  tba  maintenance  of  Ufa 
rafta,  but  wa  do  hava  tha  raaponaibillty  of  aarvlclngy  luapacting, 
ovarhaullatt  and  racharglng  all  Ufa  raft  inflation  aqulpaant.  For 
thla  raaaon»  It  la  nacaaaary  for  you  to  knov  tha  aaana  b/v  vhlch  thaaa 
llfa  rafta  ara  Inflated. 

MO  HSSPONSE  REQUIRED 
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High  prtMurt  carbon  dljoxi^t  (CO2)  cyllndtrt  ara  uaad  for  tha 

Inflation  of  all  Ufa  rafta.    Tha  cyliadara  ara  built  to  carry  a 
■aTlBttw  ahart*  of  2100  pal.    lacauaa  of  tha  high  praaaura  to  which 
thaj  ara  aiibjactad,  all  Ufa  raft  eylindara.  axeapt  thoaaJyvlag  an 
Otttalda  diaMtar  of  laaa  than  tvo  Inehaa  and  a  langth  of  Iwa  than 
two  faat»  fluat  undargo  a  hydroatatlc  taat  raca  avary  flva  (5)  yaara. 
Thia  taat  la  uapd  to  find  out  vhathar  or  not  corroalon»  Mtal  fatl4raa/ 
rough  handllngf,  or  othar  cauM*  My  hava  naakanad  tha  qrllndara  to  a 
point  ufaara  thay  ara  no  longar  aafa  for  furthar  uaa. 

Chack  tha  following  atataaanta  that  ara  trua* 

>  1«     COj  cyllndara  ara  uaad  for  tha  -inflation  of  Ufa  rafts, 

 2.     Llfa  raft  inflation  cyllndara  ara  built  to  carry  a  maxlnum 


praaaura  of  2100  pal. 
in  tha  following  qua8tions»  aalact  tha  anawar  which  la  aoat  corract< 

3.  Llfa  raft  cyllndara  vlth  a  dlaaatar  of  1  1/2"  vould  raqixlra  * 
a  hydroatatlc  taat  how  oftan?-^  ^ 

a«  1  yaar* 

b.  3  yaara. 

c.  5  yeara. 

d.  Navar. 

4.  Hydroa^tatlc  taat  datamlnaa  If  tha  cyllndar  la^ 
av  brokan. 

b.  rapalrabla. 

c«  aafa  for  uaa. 

d,  oparatlng  proparly* 
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kfummn  to  FroM  2:       /  1,      V   2>    3.    d     4.  c 

*  Pri 


All  life  raft  cyllndars  are  of  two  basic  types,  and  they  are  used 
irlth  either  the  one*»«sn  or  the  oultlplace  (two  or  more  mn)  life  rafts. 
(Throufhtrnt  the  remainder  of  this  -text  the  term  one*-man  life  raft 
qr Under      multlplaee  life  raft  cyllndar  vlll  be  tised.)    The  size 
difference  Ib  the  cylinders  and  the  difference  In  valve  assemblies  are 
due  mainly  to  the  sl^  of  the  life  raft  to  vhlch  <hey  are  attached. 
All  of  the  multiplane  life  raft  cylinders  are  vound  with  wire  to  give 
them  addad^rsi^h  and  to  make  them  shae^r  resistant  ithen  they  are 
struck  by  gunfire.    The  valve  assenblles  ar^mg^  for  rapids  flov  and 
they  als^ys  have  a  safety  rupture  disc*    TJtdM  ddb^ll  break  and  permit 
the  lAoIe  charge  to  escape  If  the  piressure  In  the  Uf e  raft  cjiLlnder 
diould  rise  to  a  dangerous  limit. 


Chack  Uit  foUoiring  statcnents  that  are  true.  ^ 


9 


 1.     The  else  of  the  life  raft  Inflation  cylinders  varies  with  the 

size  of  the  life  rsfts  to  be  inflated. 

2.  Cylinder  valve  assemblies  always  Include  a  safety  rupture  disc. 

3.  All  of  the  aultlplace  cylinders  are  wire  wound. 

r  4.     The  term  multiplace  means  the  cylinder  Inflates  a  life  raft 

/  that  holds  more  than  one  man. 

In  the  following  questions,  select  the  answer  lAilch  Is  most  correct. 

5.  All  multiplace  life  raft  cylinders  are  wound  with  Irlre  to  give 
them  added 

tf.  strength. 

b.  pressure. 

c.  resistance. 

d.  durability. 

6.  Tha  val^  asseiblles  of  aultlplace  life  raft  cylinders  are 

mm     "  *r ' 

a.  slow  flow. 

b.  rapid  flow. 

c«     emergency  stoppsge. 
d.     uone  of  the  above. 
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An«w«r«  to  Frne  3:       /   1.       /    2.       /   3.       /   4,    5.    a   6.  b 


FraM  4  . 

All  vultlp^  ice  llf«  raft  cylindera  have  to  be  eervlced  so  that  they 
are  able  to  be  used  In  the  tesperature  range  of  <^5*F  to  4-160*F  by 
addiat  a  charge^f  dry  nltrogra  (N2)  to  the  cylinder.    The  addition  of 

to  the  cylinder  provides  additional  pressure  vhich  helps  to  force 

out  the        at  a  «uch  higher  rate  nhen  the  teaperatute  is  lav>  than 

'irould  the  pressure  of        alone,  ^is  is  because  tht  pressure  of  ^2 

does  not  go  doim  as  auch  as        When  the  teoperature  goes  dovh.    A  fas$ 

rate  of  discharge  of  the  life  raft  cylinders  at  any  teajpcrature  is  very 
inportant.    The  life  raft  cylinder  valve  assenbly  provides  a  vay  of 
maintaining  high  pressure  CO2  in  the  cylinder  and  is  designed  to  permit 

an  unrestricted  flow  of  gas  to  the  life  raft  i^en  it  is  actuated. 
Should  the  aechanic  forget  to  add      to  a  nultlplace  cylinder.  It 

cotdd  cause  tjoder  inflation  of  the  life  raft.    The  one  man  cylinders 
do  not  require  an  N2  charge. 

Check  the  folloiring  statements  that  are  true* 

1.  The  valve  asseibly  permits  a  restricted  flov  of  gas  to  the 
raft  irtien  actuated. 

2.  Adding  N2  to  the  CO2  cylinder  causes  a  lower  pressure  to 
allow  the  CO2  to  be  discharged  wre  slawly. 

3.  N2  pressure  does  not  drop  as  much  as        pressure  iihen  the 
«  temperature  decreases.  # 

In  the  folloiring  questions,  select  the  ansvef  vhlch  is  most  correct. 

4.  Multplace  life  raft  cylinders  may  be  used  safely  between  the 
temperature  ran^s  of 

a.  -50  to  +150  F. 

b.  --65  to  >160  F. 

c.  -80  to  ^170  F. 

d.  -95  to  +180  F. 

5.  The  component  that  provides  a  way  of  aaintainiag  higih  preesure 
COj  in  the  cylinder  is  the  ' 

a.  wire  woynd  cylinder, 

b.  nitrogen  chari^a. 

c.  low  temperature. 

d.  valve  assembly. 
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AuMirs  to  Fr«M  4:  1,  2,       /   3>    4,    b    5.  d 

Frame  5 

Tta#r«  «r«  two  typev  of  oaa-oum  life  reft  cyllndere  chet  ere 
en>toved  for  i'«e.    They  ere  ehown  belon.    Both  eeeeobllee  uee  the 
e«ie  velve  heed,  but  trpe  FLU  2/P  usee  e  heevy  forged  eteel  cylinder 
while  type  FLU  2-A/P  ueee  e  ll^t  velj^t  eliAlnum  welded  cylinder. 
Ae  you  can  eee  In  figure  1»  the  ll^t  weight  cylinder  le  ell^tly 
Imiger  that  the  forged  cylinder  but  they  both' contain  the  sane  amount 
of  CO^  by  wel^t.    Theee  cylinders  do  not  require  a  hydrostatic  test. 


Figure  J.    One^hkm  Cylindere^ 
\    ick  the  following  statements  that  are  true. 

1.  The  FLU  2A-P  cylinder  la  slightly  longer  then  the  FLU  2/P 
cylinder. 

2.  The  FLU  2--A/P  and  FLU  2/P  cylinders  are  less  than  two 
in'^hes  in  diameter  and  less  than  tvo  feet  in  length. 

In  the  f    lowing  question,  select  the  answer  %ihlch  1p  most  correct. 

3.  The  besic  difference  between  the  tvo  one-man  cylinders  is  the 

e.  velve  heed. 

b.  rete  of  dlecherge. 

c.  rupture  disc  plate. 

d.  materiel  that  each  is  made  from. 
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kammtB  to  FrtM  5:       /   1.       /   I*    3.  d 


PriM  6 

laftr  to  flgurt  2  vfalla  v«  dlAcut^  th«  optratlon  of  th%  valvt 
that  l0  utftd  oa  th^  oos-aan  iif«  raft  eyllndars.    A  round  ball  (aot 
ahoim)  on  tha  Innar  and  of  tha  cab  la  aaaaiAily  (A)  la  angagad  in  a 
aiot  In  thm  rotating  cam  (0).    Tha  ball  la  angagad  In  tha  alot  by 
ralalng  a  aaall  locking  aprlng  in  tha  alot  (M)  •  than  allding  tha 
locking  alaava  (N)  dovn  to  axpoaa  tha  can,  and  than  poaitloning  tha 
cabla  and  ball  aaaaiibly.    Uhan  tna  cabla  la  pullad,  tha  cam  rotataa 
and  puahaa  down  on  tha  chack  (I)  vhlch  la  normally  hald  agalnat  its 
aaat  by  tha  spring  (J)  and        praaaura  within  tha  cyllndar*    Tha  CO^ 

nov  floods  out  tha  charga/dlacharga  port  into  tha  llfa  raft.    If  tha 
praaaura  in  tha  cyllndar  should  bacona  dangaroualy  high,  it  will  break 
tha  ruptura  diac  (C)  and  tha  CO^  vlll  paaa  out  throu^  tha  holaa  in 

tha  Inaart  (D)  and  out  through  tha  vant  holas  (?)  In  tha  valva  body 
to  tha  atmoaphara.  Tha  dlffuaar  plug  (K)  la  In^  "allad  at  all  tlmaa 
axcapt  tihan  tha  assaably  ia  balng  rachargad  or  i>w  actxully  attached 
to  tha  Ufa  raft.  Tha  purpoaa  of  tha  dlffuaar  plug  la  to  pravant  a 
pinvhaal  action  of  tha  cyllndar  raaulting  from  tha  jat  affact  of  the 
aacaplng  gaa  if  tha  cylinder  ia  ulachargad. 

Chack  the  following  statssianta  that  are  true.    (Refer  to  figure  2 
if  neceaaary.) 

1.     Whan  tha  cabla  (A)  la  pulled,  the  cam  (0)  puahas  the  .:heck 
valve  (I)  to  release  the        from  tha  cyllrier  (H)  • 

 ^2.     The  dlffuaer  plug  (K)  is  r    ^ved  during  recharging  of  the 

aaaambly. 


3.  If  the  rupture  dlac  (C)  la  «ilaaing,  tha  aaaambly  can  still 
be  recharged. 

In  the  folloirlng  quaationa,  select  the  anavar  vhich  ia  most  correct. 

4.  Using  figure  two  as  a  guide,  the  purpose  of  item  C  is  to 

a*  rclaaae  the  preaaure. 

b.  recharge  the  cylinder. 

c»  cloae  the  val\*5. 

d  open  the  valve. 

5.  Using  figure  tvo'^as  a  guide,  the  purpose  of  item  K  is  to 
prevent 

a.  rupturing. 


diacharglng. 
pin  wheeling, 
overcharging. 


d. 


8 


mi 


A  -  Cable  &  Ball  Aasy* 
B  -  Cylinder  Adapter. 
C  •  Rupture  Disc. 
D  -  Jnaert. 
E  -  Plug. 

F  -  Ruptuer  Gaa  Vent. 
G  -  Valve  Aaay. 
H  -  Cylinder. 
I  -  Check  (Poppet  Valve). 
J  -  Spring. 
K  -  Diffuaer  Plug. 
L  -  Charge/Diacharge  Port 
M  -  Slot. 

N  -  Locking  Sleeve. 
0  •  Can. 


4}}XM0 


Figure  1.    One<-*Man  Aaaenbly. 
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Ansvcra  to  tram  6x       /   1*       ^   2,   ^3.    4.    a     5.  c 

Frna  7 

Rttfar  to  f Igura  3  uhlU  wa  dlacuaa  tha  oparatloa  of  tha  valva 
that  la  uaad  oa  tha  -'^Tlrll?T  l^**         syllndara.    Whan  tha  pull 
cab  la  (M)  ia  pullad  to  dlacharga  tha  cyllndarp  It  rotataa  ^  ahaava 
(D) .    A  hala  In  tha  ahaava  f Ita  ovar  a  pin  that  ia  locat<id  on  a  cam 
^?iat  la  balov  tha  ahaava.    Tha  rotation  o£  tha  cam  dapraaaaa  a  lavar 
arm  which  contacta  tha  and  o£  tha  poppat  valve  (I)  and  puahaa  it 
doim.    With  tha  poppa   valva  unaaatadp  tha  gaa  ruahaa  out  throu^ 
tha  charga/diacharga  pert  (C)  and  inflataa  tha  lifa  raft.    Whan  tha 
cylindar  ia  chargad,  tha  apring  (J)  and  gaa  pfaaaura  hold  tha  poppat 
valva  (I)  doaad.    Notica  that  thia  cylindar  haa  a  ayphon  tuba  (K) 
to  inaura  that ^ tha  liquid  COj  ia  diacha^^ad.aa  wall  aa  tha  gaa. 

Chack  tha  folloiring  atatamanta  that  ara  trur.    (Bafar  to  figure 
If  necaaaary.)  ^ 

 ^1.     A  ayphon  tuba  (K>  ia  uaad  to  inaura  that  gas  aacapea  from 

the  cylinder  before  the  liquid  eacapea. 

 2.     Tha  charga/diacharee  port  (C)  haa  a  aafaty  diac  installed. 


'For  tha  following  que*ti*>n^,  fill  in  the  blanka  with  tha  most 
correct  toawar. 


3.  When  rotated,  the  will  cauae  the  

to  open 9  and  dlacharga  che  cylinder* 

4.  When  the  cylindar  ia  charged »  the  and 

preaaure  hold  the  ....^^..^^  ^  dosed. 
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A 
6 
C 
0 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 

0  • 
P  • 

Q  • 

R  • 


•  Plug. 

•  Deflector. 
Charge/Discharge  Port 
Sheave. 
Cover  Plate. 
Screw. 

Sealing  Wire  Seal. 
Sealing  Wire. 
Poppet  Valve. 
Poppet  Spring. 
Syphon  Tube. 
Cylinder. 
Cable  Asay. 
Cable  Houaing. 
Safety  Woe. 
Znaert. 
Plug. 
Body. 
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Figure  3.    Multiplace  Aaaeobly. 
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AnmmvB  to  Fraae  7  s  1>         ,  2*    3.    c«m»  poppet  valve 

4,    springy  gae»  poppet  valve 

"  8 

The  release  cable  can  be  ringed  in  either  the  DOWN  PULL  position 
aa  ahown  In  figure  4 »  or  In  the  UP  PULL  poaltlon  by  reversing  the 
poaltlooa  oi  the  cable  housing  (N)  and  the  plug  aaaeobly  (A)  aa  shown 
In  rigure  3.    The. ball  on  the  end  of  the  cable  «i«t  be  engaged  In  the 
proper  receaa  on  the  Aeave  aerked  DOUM  PULL  or  UP  PULL.    Aa  long  aa 
the  control  cable  haa  not  been  pulled  to  discharge  the  cylinder,  a 
grees:  dot  on  the  sheave  .shorn  throu^  the  vlndov  in  the  sheave  cover 
plate »  as  indicated  In  figure  4,    When  the  cylinder  la  charged  and 
rigged  for  use,  a  lead  seal  la  placed  on  the  aaffty  wire  Which  passes 
through  tvo  holes  in  the  sheave  cover  plate  and  li  tvisted  around  a 
cover  hold-Hloim  screw  (figure  4).    Once  the  cable  has  been  pulled 
and  the  aheave  rotated  tc  discharge  the  cylinder,  it  cannot  be  reaet 
without  breaking  the  seal  and  removing  the  cover  plate.    Iteaa  0,  P, 
and  Q  in  figure^  3  are  the  rupture  disc,  insert,  and  plug  which  allows 
escape  of  the  gas  if  the  cylinder  pressure  shotild  become  dangerou^i'^ 
higfc. 

Check  the  following  atatraents  that  are  true,    (Refer  to  figures  3 
and  4  if  necessary.)  i 

 ^1.     If  the  control  cable  has  not  been  pulled,  the  green  dft 

normally  indicates  a  charged  cylinder. 

 1.     The  sheave  cannot  be  reset  unless  the  safety  wire,  seal,  and 

cover  plate  are  removed. 
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OtllN  DOT 
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fULL  CAIIE 
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Figure  4.    Multlplaca  Control  Haod. 
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FOREWORD 

Thl«  progronad  t«xt  «»•  prtpartd  for  u8g  In  the  3ABR42331 
Instruct lonml  MjBtm.    Th«  vaterlml  contained  herein  hme  been  validated 
using  30  42010  etudenta  enrolled  In  the  3ABR42331  couree.    The  average 
student  required  54  minutes  to  cospleta  the  text* 

OBJECTIVES 

After  completing  the  progrsmed  text,  you  will  be  able  to; 

Relate  four  (4)  of  five  (5)  lifera^t^nf  latlon  equipment  components 
to  their  purpoee*  ^^^^"^ 

INSTRDCTIONS 

This  programed  text  presente  ma^im#|l  in  small  stepe  called  frames. 
After  each  frame  you  will  find' questions.    Read  the  information  given  and 
respond  by  entering  the  correct  response  on  your  response  sheet*  The 
answere  to  each  frame  are  at  the  top  of  the  nei^t  page.    Anytime  you 
recpond  incorrectly,  reread  the  frame  to  get  the  Information  atraight 
in  your  mind*    Some  frames  do  not  require  a  respcmse.    When  you  have 
finished  reading  a  frame  that  does  not  require  a  response,  go  directly 
to  the  next  frme. 


frmm  1 


Figure  1  8hov8  a  typical  aquipamt  aa^tup  for  charging  ana-man  and 
aultiplace  Ufa  raft  inflation  cylindara.    It  conaista  of  a  ttotor 
driven  pimp,  a  acaJe,  one  CO^  cylinder,  one      cy Und^r  (both  cylinders 
are  placed  on  the  aaae  atandT,  dehydratcr  filters,  a  gage,  shut-off  valves, 
assorted  metal  hoaaa  and  adaptors.    Thir  la  Just  a  basic  aetup.  Other 
variatlona  may  be  uaed,  but  all  vlll  have  much  the  aama  equipment  as 
shown  in  figure  1*  ^ 

NO  RESPONSE  REQUIRED 


/ 


i  -  Vtlvt 

C  *  00  Cylinder 
D  -  Su^ly  HosM 
e  -  Dthydr«tor  filurs 
f  -  UU  Md  G^«r  Cowr 
C  -  tm^  tnltc 

I  <  ruip  CyliiMkr 
J  -  Cyliader  lto«4 
K  -  rm^  Outlet 
t  -  VaIv* 


-  V«lv« 
V«lv« 

-  C«§t  (O-XiCiO  PSI) 

*  ScAlts 

-  Cylln^r  and  Valve  Assy 

-  Adapter 

-  Cbarting  Uoee 

-  finp  CiteckcMe 

-  Iteter  ^ 

-  Start/Stop  ittttooa 

-  Power  Cord 

-  Frew 

*  Valve 
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Antvtrs  to  fxmmm  1;    MO  RESP(»iSE  REQUIRED 


Frame  2 


Th#  puap  drlvt  Mtor  wiy  b«  a  ehrM  phase,  220  VAC  unit  or  a  single 
ph^sa,  lis  VAC  unit  of  sufficient  horsepower  to  drive  the  charging  pump. 
Pover  la  trraaf erred  froa  the  sotor  to  the  pump  by  a  drive  belt.  The 
pump  la  a  ram  type  unit  that  will  pump  only  liquid,  It  will  not  pump  gas 
dt^tixcj  kind.    Since  the  pump  will  puiq>  only  liquid.  It  la  Important  to 
Iceep  the  COj  aa  cool  as  possible  In  order  that  more  liquid  will  be 
ayallabl*  for  cylinder  charging.    The  pumping  equipment  la  protected  from 
damage  by  4.  rupture  dlac  or  by  a  spring-loaded  relief  valve  that  will 
relieve  the  systma  if  the  pressure  becomes  excessively  high.    The  maximum 
pressure  for  a  apedflc  pumping  unit  may  be  found  In  the  applicable 
t^hnlcal  order. 

Complete^  the  f olloifing  atatementa  by  vrltlng  in  the  vorda  from  the 
frame  above. 

a.  One  requlr«ient  for  the  pump  drive  motor,  rega^^dleee  of  Ita 

power  requirement,  la  that  It  have  sufficient   to 

drive  the  . 

b.  COjt  in  the  storage  cylinder,  must  be  kept  aa  


aa  poaalble  becauae  the  pump  will  not  tranafer         .  of  any  kind. 

c.     If  charging  preeaure  should  become  excessively  high,  the 
pumping  equipment  is  protected  from  damage  by  a  disc 


or  a  aprlng*loaded 


valve. 


Ammw  to  FraM  2:    a.    herMpov«r,  puap     b.    cool,  gM 

e.    ruptura,  relief 

PraM  3 

'    Pour  ahutoff  valvaf  ara  locatad  oo  eha  charging  control  panal  to 
control  tha  flow  ot  iiduid  and  gaa  to  eha  cylindar  baing  chargad.  Valva 
0  eontrola  tha  flov  of      to- tha  charging  hoaa  fro«  tha  aupply  cs^indcr; 
val<va  L  eontrola  t..a  flo«  of  CO.  fcoai  tha  charging  puaps  valva  M*  th4 
ahutoff  Valva  to  tha  charging  hSaa  fov  both  liquid  and  gaa.    Valva  N  ia 
a  duap  valva  which  ia  uaad  to  duip  praaaura  froa  tha  aupply  hosaa  aftar 
"tha  cylindar  haa  baan  chargad  and  vr ' /aa  L  and  0  hava  baan  doaad. 

Mark  tha  folloirlng  atataaanta  with  a  T  for  Trua  or  an  F  for  Falaa. 

^'     Tha  purpoaa  of  tha  ahutoff  valvaa  ia  to  control  tha  flow  of 
liquid  and  gaa  that  ara  uaad  to  charga  tha  inflatipn  cylindar. 

 2.     Tha  flow  of  liquid  or  gaa  into  tha  charging  hoaa  ia  eontrollad 

by  valva  M. 


,3.     Aftar  tha  cylindar  haa  baan  ehargaa,  praaaura  ia  duapad  from 
tha  aupply  hoaaa  1>y  opening  valva  Z. 
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Answers  to  Krsmc  3:       T    1,  T  2.  P  3. 


Fraae  4 

Dehydrator  filters  E  are  Installed  In  both  the  liquid  and  gas  supply 
hoses  D  froM  the  supply  cylinders  A  aad  C  to  remove  any  moisture  from  these 
agents  before  they  are  put  intr  the  cylinder  R.    One  filter  E  Is  Installed 
iv  the  F   supply  hose  end  two  are  Installed  In  the  CO^  supply  hose.  In  series. 
Tits  hoses»  fittings,  r  laptors  and  shutoff  valves  are  of  the  brass,  high 
pt^sure  type.    The  adaptors  S  are  used  to  connect  the  charging  hose  to  the 
cyllTvler  R  that  is  to  be  charged.    A  gage  P  is  installed  in  the  supply 
t^of^^  cn  the  '^ontrol  panel,  as  a  means  of  determining  ^he  quantity  of 
supply.    The  sciile  Q  us'^  to  weigh  the  cylinder  assembly  and  the  and 
CO^  charges  must  be  graduated  to  read  in  hundredths  of  a  pound « 

Complete  the  following  statements  by  writing  in  the  vords  from  the  frame 
above. 

a.      Dehydrator  filters  are  Installed  In  the    and   


supply  he-  s  to  remove   from  these  agents  before  the/  are 

put  Into  the  cylinder. 

b.    filters  are  Installed  In  in  the 


COj  su;>pJy  hose  and  one  is  Installed  in  the         \  supply  hose. 

c .  A   is  lustalled  ir  the       aupply  hose  as  a  means  of 

determining  the  quantity  of  the  Fupply. 

d.  The  scale  used  to  weigh  the  cylinder  and  the  and 

^  charges  must  be  graduated  to  read  in   of  a 

pound. 

e.  The  hoses,  fittings,  adaptors  and  


valves  are  of  the  brass, 


pressure  type. 


i 


Ansvtrt  to  Frttt  4:    a,    N^,  CO^,  molstura        b.  Two,  aarlas,  N2 

c.    gaga,  d.    N^,  CO^,  hundredths 

a.    ahutoff,  high 

Praaia  5 

Tha  aourca  of  aupply  for  tha  CO^  la  a  atandard  ICC  (Intaratata 
CooMarca  Conlaalon)  shipping  and  storaga  cylinder  C  (N^  conea  In  a 
siiiilar  cylinder).    The  CO^  cylinder,  when  fully  charged,  contalria  50 
pounda  of  CO^.    At  70  F,  12  pounds  of  this  weight  will  be  gas  and  38 
pounda  will  Da  liquid.    The  proportion  of  liquid  will  be  greater  at 
lower  taf^>eraturea .    Before  Ina tailing  a  new  cylinder  of  CO^,  determine 
If  the  cylinder  has  a  ayphon  tube.    If  the  cylinder  haa  a  syphon  tube, 
It  «uat  be  Inafalled  with  the  valve  up  so  that  the  liquid  may  be  drawn 
off  before  the  g/ia.    If  the  cylinder  doea  not  have  a  syphon  tube,  It 
oust  be  Instellftd  with  the  valve  down  so  that  the  liquid  may  be  drfwn 
first.    The      cylinder  A  Is  alvays  Installed  with  the  valve  ^p.  Both 
cyllndera  ouat  be  firmly  aecurec  to  keep  them  from  falling  over. 

Complete  tha  following  atatements  by  writing  In  the  words  from  the 
frame  above. 

a.     Tha  ahlpplng  and  storage  CO,  cylinder  contains  


poun<;s  of   when  fully  charged. 

b.  At  70°F»  a  fullj. charged  CO2  ahlpplng  and  storage  cylinder 

will  contain  pounds  of  liquid  and    pounds  of 

gaa« 

c.  At  O^F,  the  weight  of  the  liquid  CD^  In  the  cylinder  will  be 

  (greater,  less)  th^n  the  weight  of  che  liquid  CO^ 

at  7007.  ^  ^  ^  ^ 

d.  If  the  CO2  cylinder  Uas  a  syphon  ,  it  must  be 

installed  with  the  valve   


e.      The  N    cylinder  Is  alwaya  installed  with  the  valve 
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Answers  to  Frsne  5:    a.    50,  COj        b,    38,  12        c.  greater 

d.    tuba,  up      a.  up 


Frame  6 

Safore  the  charging  hoae  T  la  attached  to  the  cylinder,  it  must  be 
purged  of  air  to  Insure  that  no  moisture  la  Injected  into  the  cylinder 
R  along  %rlth  the  liquid  or  gas.    To  purge  the  charging  hoae,  the  valve 
0,  the  chargii-g  hose  shutoff  valve  M  and  the       cylinder,  shutoff 
valve  B  must  be  opened  to  allow       to  flow  through  the  charging  hose. 
After  the  charging  hoae  has  been  purged.  It  Is  immediately  attached  to 
the  cylinder  R  to  be  charged.    This* prevents  moisture  laden  air  from 
reentering  the  charging  hose  to  be  injected  into  the  cylinder.  The 
cylinder  and  valve  assembly,  with  the  char^^tig  hose  attached,  is  placed 
on  the  acale  Q  to  obtain  its  empty  weight  reading.    This  is  used  as  a 
reference  weight  to  determine  what  the  full  weight  indication  on  the 
scale  should  be  when  the  specified  pounds  of       and  CO^  are  added  during 
the  charging  operation.    The  full  weight  will  5e  the  empty  weight  plus 
the  specified  pounds  of       axul  CO^  fo  be  added. 

Hark  the  following  atatement  with  a  i  for  True  or  an  F  fox  False. 

 ^1*      The  charging  hose  must  be  filled  with  air  before  it  is  attached 

to  the  cylinder. 

.  ^2.      Purging  the  charging  hose  injures  that  no  jjxygen  is  Injected 

into  the  cylinder. 

 ^3.     After  the  charging  hose  has  been  purged,  it  is  immediately 

attached  to  the  pump. 

 The  cylinder  and  valve  assembly,  with  the  charging  hose 

attached,  is  placed  on  the  scale  to  obtain  a  reference  weight. 
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Ancw«rs  to  Frame  6: 


F  1. 


F  2. 


F  3, 


T  4. 


Frane  7 


The  cliarglng  equlpaeat  does  not  require  a  great  amount  of 
naintenance.    Before  using  It,  give  It  a  visual  Inspection  for 
obvious  defects  and  cleanliness.    Scheduled  Inspections,  lubrication 
Intervals  and  types  of  lubricants  are  given  In  the  applicable 
technical  order.    The  TO  also  gives  instructions  for  repair  and 
overhaul  of  this  equipment.    The  more  common  troubles  encountered  with 
this  equi^ent  are  also  listed  in  the  TO  along  with  the  remedies 
for  thi^ 


Complete  the  f ->llowing  statements  by  writing  In  the  words  from 
the  frame  above. 


b.     Requirements  for  Inspections,  lubrication  Intervals  and  types 


Before  operating  the  charging  equlpoient,  give  It  a 


Inspection  for 


defects  and 


of 


required  are  given  In  the  applicable 


Most  coimBon 


and  the 


for  them  are  given 


In  the  TO  along  with  Instructions  for 


and  overhaul. 
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An«vifr»  to  Ytukm  7:    a.    vltual»  obvious,  cleanlinMt 

b.    lubrlcantsi  TO      c.    troublM»  rmedies,  tftpair 

Fraar  8 

All  cylindart  returned  for  charging  ara  subjactad  to  a  very  thorough 
iuapactlon  to  inaura  that  they  ara  frea  from  dafacta  and  that  thay  are 
protactad  froa  ttpoaura  to  corrosion.    The  apacif ic  inapaction  requiremanta 
ara  given  in  tha  applicable  technical  order.    Any  cylinder  that  faila  to 
meat  thaae  inapaction  requireMnta  ia  tagged  aa  reparable  and  eat  aaide 
for  further  inapaction  and  repair.    Only  thoae  cylindera  having  no  defects 
nay  be  recharged* 

Mark  the  following  atataaents  with  a  T  for  True  or  an  P  for  False. 

^  Before  a  cylinder  la  recharged »  it  ia  inapected  to  inaure 

that  it  ia  free  froei  defects  and  protected  from  expoaura  to 
corroalon. 

 ^'>*     Cylinder  a  that  fail  to  meet  inapaction  requirementa  are  tagged 

aa  serviceable  and  set  aside  for  further  use. 

 ^c.     Cylinders  that  have  no  defects  may  be  r^harged. 
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An*v«rs  to  Fra»«  P:       T    a,        F   b>        T  c, 
Fm«  9 

General  overhaul  of  mulclplace  cylinders /includes  disaaaenbly, 
cleanlngy  inspection*  repair  and  reassembly  ak  directed  by  the 
applicable  tecliuical  ord«r.    The  cylinders  art  hydros tat ically  tested 
every  five  (S)  years  (quinquennial  test)  at  5rt  the  cylinder  working 
pressure  (ExsBple:    5/3  x  2100  psi  »  3500  psi) X  Cylinders  having  an 
outside  dlsMter  oi  less  than  two  inches  and  a  leluth  of  less  than 
tvo  feet  are  exMpt  frosi  the  quinquennial  test. 

Complete  the  following  statements  by  writing  in  tmsjfords  from 
the  frame  above. 

a.  A  hydrostatic  or  quinquennial  test  is  not  required  on  the 

one-man  cylinder  because  it  is  less  than   inches  In 

diameter  and  than  feet  in  length. 

b.  The  hydrostatic  or  quinquennial  test  is  performed  on  cylinders 
every  years  at  the  cylinder  working  pressure. 

c.  General  overhaul  of  the  multiplace  cylindnr  includes 
disassembly,  cleaning »   ,    and  reassembly. 

d.  A  cylinder  having  a  working  pressure  of  2400  pal  would  be 
hydros  tat  ically  tested  using  psi. 
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Answers  to  fxmmm  9:    a,    two,  less*  two        b.    5,  S/3 

c*    Inspect Ion »  rspalr        d.  4000 

Frame  10 

The  hydrostatic  or  quinquennial  test  Indicates  the  permanent, 
voluaetrlc  expansion  of  the  cylinder.    The  test  Is  conducted  by  v^^cing 
the  cylinder  In  a  water  Jacket  and  measuring  :he.  amount  of  w^ter 
displaced  when  the  cylinder  Is  pressurized.    Water  Is  forced  Into  the 
cylinder  undev  pressure  to  meet  the  requirements  Indicated  In  the  formula 
given  In  frame  9  In  order  to  stretch  the  cylinder*    Internal  water 
pressure  must  be  maintained  for  not  less  than  30  seconds.    After  the 
water  pressure  has  been  released  from  the  cylinder,  the  remaining  permanent 
volumetric  expansion  of  the  cylinder  must  not  exceed  lOZ  of  the  tota^ 
volumetric  expansion  which  occurred  durlng^-^essurlzatlon*    The  da^  of 
the  latest  hydrostatic  test  Is  stamped  on  the^ejdlnder  below  th^/^evlous 
date  mark*    Cylinders  that  fall  the  hydrostatic  tW^re  ma4»^servlceable 
by  damaging  the  threads  and  tagging  the  cylinder  CONdSHREU. ^ 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 ^a.     Permanent  volumetric  expansion  Is  shown  by  the  hydrostatic  test. 

 ^b.     The  permanent  volumetric  expansion  remaining  after  pressure  has 

been  released  from  the  cylinder  must  not  exceed  15  nercent  of  the 
total  vclumetrlc  expansion  which  occurred  during  pressurizatlon. 

 ^c.     Cylinders  that  fail  the  hydrostatic  test  are  made  unserviceable  by 

damai^lng  the  threads  and  tagging  the  cylinder  as  serviceable. 

 d.      The  date  of  the  hydrostatic  test  is  painted  on  the  cylinder 

below  the  previous  date* 


Answers  to  Fr«»«  10:       T   a.  F    b,  F    c*       J[  d. 


Frme  11 

Before  the  charging  operation  la  begun,  each  cylinder  must  be 
weighed  Individually  and  the  weight  checked  against  the  weight  stenciled 
on  the  cylinder.    These  two  weights  should  be  the  same.    If  they  are 
not  the  SSM,  the  cylinder  must  be  reptenciled  with  the  weight  down  on 
the  scale.    Different,  information  is  required  on  the  oneHoum  than  on  the 
multiplace  cylinders,  so  check  the  applicable  TO  before  you  cut  the 
stencil  and  start  spraying  paint.    For  your  Information,  this  information 
is  also  included  in  frame  19  of  this  text. 

Mark  the  following  sUtments  irlth  a  T  for  True  or  an  F  for  False. 

 a.     After  the  cylinder  has  been  inspected,  it  must  be  weighed  and 

the  date  checked  against  the  date  stenciled  on  the  cylinder. 

 ^b.     If  the  two  weights  are  not  the  same,  the  cylinder  must  be 

restenciled  with  the  weight  shown  on  the  scale. 

 ^c.     The  information  to  be  stenciled  on  the  one-man  cylinder  is 

different  from  the  information  to  be  stenciled  on  the 
multiplace  cylinder. 
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Anmrtrs  to  FraM  11: 


F  a. 


T  b. 


T  c. 


Franc  12 


RciMBber  from  a  previous  taxt,  that  at  cold  temperatures,  CO^  gas 
chAiges  to  a  liquid.    Consequently,  at  temperatures  below  0  F,  the  CO^ 
pressure  in  the  cylinder  will  drop  considerably — possibly  to  the  point 
where  the  COj  will  not  discharge  fast  enough  to  effectively  inflate 
the  life  raft.    For  this  reason,  multiplace  cylinders  are  given  a  charge 
of  dry  nitrog«i,  N^,  to  serve  as  a  propellent  for  the  CMj  charge. 
Nitrogen  pressure  will  reaain  high  at  tmperatures  as  low  as  *65  F.  The 
amount  of  nitrogen  to  be  added  to  the  cylinder,  by  weight,  may  be  fcund 
In  the  applicable  technical  order.    This  information  is  also  included  as 
a  part  of  frame  13  of  this  text. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a.     At  low  temperatures,  COj  tends  to  ,  therefore, 

at  O^F,  the  liquid  content  of  the  cylinder  would  be   . 

(greater,  less)  than  et  a  temperature  of  80  F. 

,b.     At  temperatures  below  ^^F,  C0«  pressure  in  the  cylinder  will 


life  raft. 


c. 


For  cold  weather  operation. 


considerably  and  may  not  effectively 


j  the 
Is  added  to  the 


cylinder  to  act  as  a 


for  the  00^  charge. 


d. 


The  pressure  of 


will  remain  high  at 


temperatures  as  low  as 
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Antv€ts  to  Frame  12:    a.    liquefy »  greater 

c.    dry,  propellant 


b.    drop,  inflate 


d.    N^.  -65 


Frame  13 


vnien  charging  tha  multiplace  cylinder,  N2  it  first  Injected  Into 
the  cylinder  aa  directed  In  the  applicable  TO.    After  the  specified 
amount  of  N^,  by  weight,  has  been  added  to  the  cylinder,  the  CO^y  Is 
added.    The  ^2  ^  ^2  have  specified  weights  which  must  ^e 

wlchln  the  weight  limits  shown  In  the  technical  order.    The  amount  of 
N2  added  to  the  cylinder  depends  on  the  capacity  of  the  cylinder  In 
cubic  inches.    Charging  proceduree  for  the  one-man  cylinder  are  the  same 
as  for  the  multiplace  cylinder,  except  that  the      charge  is  left  out. 
When  charging  any  Inflation  cylinder,  protective  clothing  consisting  of 
gloves  and  a  face  mar^k  or  goggles  must  be  worn. 

Mark  the  following  statements  with  a  T  for  True  or  an  F  for  False. 

 ^a.     The  amount/of       added  to  a  cylinder  depends  on  the  capacity 


for^he  multiplace  cylinder,  except  that  the       charge  Is 
^'^^iii^  out  of  the  one-man  cylinder. 

c.     When  charging  any  cylinder,  a  face  mask  or  goggles  and  rubber 
apron  must  be  worn. 


cylinder  are  the  same  as 


16 


Axi&v%vB-  to  Franc  13: 


T  a. 


T  b. 


Frame  14 


tha  COj  used  to  charge  all  Ufa  raft  cylinders  must  conform  to  Grade 
B,  Type  I  or  II  of  Specification  BB-C-101.    All  CO    used  to  charge  life 
raft  cylinders  is  passed  through  two  dehydrator  filters  connected  into 
the  supply  hose  in  series  before  it  is  injected  into  the  cyliider.  The 
dehydrator  filter  cartridges,  to  insure  continued  drying  action,  must  be 
replaced  whenever  250  pounds  of  CO2  have  passed  through  th^. 

Complete  the  following  statements  by  writing  in  the  words  from 
the  frane  above. 

a.  All  COj  uaed  ^charge  ]   cylinders  is  passed 

through   dehydrator  filters  connected  into  the  supply  hose 

 before  it  is  injected  into  the  cylinder. 

b.  The  CO^  used  to  inflate  life  raft  cylinders  is  passed  through 


dehydrator  filters  to  insure  that  there  is  no 


in  the  CO,  when  it  is  Injected  into  the  cylinder. 


c. 


To  insure  the  continued  effectiveness  of  the 


filters,  they  must  be  replaced  after 


pounds  of  / 


have  been  passed  through  the^r. 
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Ancwtrs  to  Vrmtm  14:    a.    life   raft,  two,  series      b.    >:wo,  moisture 

c.    dehydrstor,  250,  CO^ 

Frame  15 

As  mentioned  In  a  previous  frsme,  recharging  procedures  for  the 
multlplace  and  one-«an  cylinders  are  generally  the  same.    There  are  some 
small  dlf f erences»  one  of  vhlcli  vas  the  omission  of  thAN^  charge  from 
the  one-man  jcyllnder.    Another  difference  Is  based  uponxne  construction 
of  the  valve  assembly.    On  the  one-man  cylinder,  you  will  find  It 
necessary  to  open  the  valve  before  you  can  charge  the  cylinder  with  CO^* 
The  multlplace  assembly  may  be  charged  without  rotating  the  sheave  to 
open  the  valve.    This  Is  due  to  the  construction  of  the  valve  assembly, 
which  acts  as  a  check  valve.    Just  hook  It  up  and  Its  ready  to  receive 
the  charge. 

Complete  the  following  statements  by  writing  In  the  words  from  the 
, frame  above. 

a.     When  rnarglng  the  one-man  cylinder  the    charge  Is 

V 


b.  To  charge  the  multlplace  cylinder.  It  Is  not  necessary  to 

open  the   because  the  Internal  construction  of  the  unit 

acts  as  a  valve. 

c.  The  valve  assembly  ot.  the  -  cylinder  must 

be  before  It  will  accept  a  charge. 


Mi 


Answers  tplxKsn  15:    a.    N^t  left  out 

c.    one-man,  open 


b. 


valve,  check 


Frame  16 


It  may  require  some  practice  on  your  part  before  you  will  be  able  ^  ^ 
to  charge  a  cylinder  and  get  it  within  the  tolerances  specified  in  the 
technical  order.    The  tendency  is  to  overcharge  the  cylinder.    If  the 
cylinder  is  overcharged,  the  excess  charge  must  be  removed •    Check  the 
technical  order  for  "bleed  off*'  procedures  and  don't  forget  to  Install 
nhe  diffuser  plur.before  you  "bleed  off"  the  excess.    By  installing  the 
dtffuser  plug»  you  are  protecting  yourself  from  injury  fiom  the  jet  of 
high  pressure  COj  which  will  be  released  from  the  cylinder  when  you 
open  the  valve.    Don't  forget  your  protective  equipment,  this  is  a  must 
throughout  the  charging  procedure.    In  case  you've  forgotten  what  the 
protective  equipment  is,  put  on  gloves  and  face  mask  or  goggles  during 
all  charging  operations.    Remraber  that        absorbs  a  great  amount  of 
heat  during  the  evaporation  process  and  can  cause  severe  frostbite  to 
the  unwary  or  '^areless  individual. 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 

a.     The  diffuser  plug  is  installed  in  the  cylinder  charge/ 
discharge  port  to  prevent   from  the  jet  of  escaping  high 


b.      Caution  must  be  exercised  during  the  bleed  off  operation  because 


pressure 


CO.  absorb  \  a  great  amount  of 


and  can  cause  severe 


If  a  cylinder  is  overcharged,  the  excess  must  be 


off  in  accordance  with  procedures  outlined  in  the  applicable 


d. 


Protective  equipment  consisting  of 


and  a 


or 


must  be  worn  during  all  charging 


operations. 
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Answers  to  Krame  16:    a.    injury.  CO.,       b.    heat,  frostbite 

bled,  technical  order       d.    gloves,  face  mask, 

goggles 

Frame  17 

V 

After  charging  the  cylinder,  the-^arging  hose  T  must  be  disconnected  , 
to  permit  the  attachment  of  another  ^linder  co  the  charging  equipment, 
first,  insure  that  the      and  COj  control  valves  are  closed.    Open  valve 
N  to  bleed  off  or  DUMP  pressure  from  the  supply  hoses.    The  charging  hose 
may  be  cleared  at  this  time  by  opening  valve  M  and  releasing  the  pressure 
through  valve  N.    First,  Insure  that  the  valve  on  the  inflation  cylinders 
is  in  the  closed  position.    O.K.,  now  slowly  loosen  the  adaptors  between 
the  charging  hose  and  the  cylinder,  just  in  case  there's  still  some 
pressure  and  liqt^id  left  in  the  charging  hose*    After  all  pressure  has  been 
released  from  the  lines,  and  the  cylinder  disconnected,  close  all  velves 
to  keep  moisture  from^entering  the  system. 

Complete  the  following  statements  by  writing  in  the  voi^ds  from  the 
frame  above. 

a.  After  the  cyliflTder  has  been  charged  and  disconnected  from  che 
changing  hose,  the  charging  hose  must  be  plugged  and  all  valves  must  be 

^  ^  to  prevent    f.om  entering  the  system. 

b.  The  charging  unit  supply  hoses  are  depressurized  by    \ 

valve    c  • 

c.  When  disconnecting  the  charging  hose  from  the  cylinder,  the 
adaptor  should  be  loosened    as  a  safety  precaution. 

d.  Before  opening  valve  N,  insure  that  the  ^  valve 

and  the   valve  have  bersn   . 
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Ansv«rs  to  Frame  17:    a.    closed,  moisture       b.  opening,  N 

c,    slowly       d,    N^,  CO^,  closed 

i'rame  18 

After  the  fully  charged  cylinder  has  been  removed  from  the  cnarging 
unit,  two  leaH*^ie  checks  must  be  performed.    The  first  is  a  water  tank 
check  performed  under  reflected  Ught..  The  cylinder  is  submerged  in  a 
tank  of  water  for  30  minutes  and  observed  for  bubbles  rising  to  the 
surface  of  the  water.    If  there  are  indications  of  leakage  during  this 
tsst.  the  point  of  lenkag-?  must  be  located  and  corrected.    The  cylinder 
must  then  be  recharged  and  another  leakage  test  performed.    If  no  leakage 
is  evident,  the  cylinder  is  stored  for  a  period  of  24  hour.^,  as  specified 
in  the  applicable  10.    At  the  end  of  the  24  hour  storage  period  the 
cylinder  is  rewi^hed.    The  allowable  weight  loss  for  the  one-man  cylinder 
is  1 /100th  of  the  weight  of  the  CC^  charge  Immediately  aftw  charging. 
Foi  the  raultiplace  cylinder  the  allowable  weight  loss  is  l/lOOth  of  a 
pound  in  24  hours.    When  both  of  these  checks  have  been  satisfied,  the 
cylinder  is  considered  to  bi  serviceable. 

hark  che  following  statements  with  a  T  for  True  or  an  F  for  False. 

 ^*      Leakage  from  a  recharged  cylinder  during  the  water  tank  test 

is  indicated  by  dye  rising  to  the  surface  of  the  water. 

 b*      During  the  water  tank  leakage  check,  the  cylinder  is  submerged 

in  the  dye  tank  for  a  period  of  30  minutes. 

 ^t  requires  24  hours  to  perform  a  valid  weight  loss  check  of  the 

cylinder  contents. 

^  ^d.      If»  during  the  water  tank  leakage  check,  bubbles  are  seen 

rising  to  the  surface  of  the  water,  the  point  of  leakage  must 
be  locate/^,  and  the  leak  repaired  and  the  cylinder  recharged. 
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Answers  to  Frame  18:       F    a,  F    b,         T    c,         T  d. 

Frame  19 

After  the  cylinder  has  been  charged,  leak  te8t4d  and  reweighed,  it 
must  be  stenciled  with  specific  Information  to  identify  the  cylinder,  its 
contents  and  the  date  that  it  was  charged.    This  information  is  stenciled 
on  the  cylinder  using  black  stencil  ink  or  black  lacquer.    One-fourth  inch 
letters  arc  used  for  the  one-man  cylinder  and  bne-half  inch  letters  for  the 
multiplace  cylinder.    Stencilr  will  be  cut  to  include  the  information 
listed  below.    Look  this  information  over  closely  so  that  you  will  know 
what  is  to  be  px^t  on  the  cylind#»''.    A^lways  check  this  in  the  TO. 


ONE-MAN  CYL 

CYL  AND  VALVE  ASSY 

VrPE  FLU  2/P 

WT  EMPTY  1.55  LBS 


WT         0.50  LBS 
TOTAL  WT  2.05  LBS 


DATE  RECHARGED  1  SEP  70 


2100  PS;  147.63KC/CM2 


MULTIPLACE  CYLINDER 
qyLINDER  AND  VALVE  ASSY 
PART  NO.  

vrr  EMPTY 


WT  CO, 


WT  N^  and  CO2 


WT  TOTAL 


^BS  (includes  complete 

valve  assy  and  atchs) 

LBS  (enter  nominal  charge) 

LBS  (enter  actual 


weight) 


LBS 


DATE  CHARGED 


FLEXIBLE  SYPHON  TUBE 
U.S.  PROPERTY 

Complete  the  following  statements  by  writing  in  the  words  from  the 
frame  above. 


a.      The  multiplace  cylinder  is  stenciled  using 
and  /  ink  or  black 


K  ill 


and 


one-man  cylinder  is  stenciled  using 
ink  or  black   > 


inch  letters 


ich  letters 


c.      The  Information  stenciled  on  the  cylinder  should  identify  the 
cylinder,  its   and  the    ,     it  was  charged. 


Answers  to  Frame  19: 


a.  1/2,  black,  stencil,  lacquer 

b.  1/4,  black,  lA»:quar       c.    weight,  date 


3ABR42331-VB-A05 


Technical  Training 


Aircraft  Environmental  Systems  Repairman 


INSPECTION,  OPERATION,  AND  RECHARGING 
UFE  RAFl  CYLINDERS 


lA  July  1978 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technicp^  Training  Grcup 
Chanute  Air  Fo    ^  Base,  Illinois 


DO  NCT  Uu£  ON  THE  JOB 
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INSPECTION,  OVERHAUL,  AND  RECHARGING  LIFE  RAFT  CYLINDERS 

OBJECTIVES 

1.  Using  the  Inflation  cylinder  recharging  equipment,  scales, 
and  tools,  prepare  and  service  a  life  raft  cylinder  to  within  1/100 
lbs  of  its  specified  weight. 

2.  Using  an  assigned  life  raft  cylind^^r  and  tools.  Inspect  the  > 
valve  head  assembly  and  cylinder.    One  (1)  i-tst motor  assist  is 

permissible. 

EQUiPMEar 

Basis  of  Issue 

Recharging  Unit,  4:arbcn  Dioxide  1 /student 

Scale,  Dial  and  Beam  Indicating  I /student 

One-man  Life  Raft  Xnflatlo::  CyllTider  1/student 

Multiplace  Life  Raft  Inflation  Cylinder  1/student 

Handtools  1/student 

PROCEDURE- 

Now  that  you  have  completed  the  programmed  texts  covering  the 
operation,  maintenance,  and  recharging  of  life  raft  cylinders,  you 
should  be  familiar  enough  with  the  equipment  to  do  the  required 

tasks.  Refer  to  figure  1  for  an  illustretrd  breakdown  of  the  cylinder  j 
assembly.    Do  the  steps  given  for  each  section  of  this  workbook. 

Section  1,     INSPECTION  AND  OVERHAUL  OF  ONE-MAN  LIFE  RAFT 
INFLATION  CYLINDER  ASSEMBLY 

1.      Using  the  one-man  life  raft  cylinder  provided  (type  FLU-2A/" 
or  FLU-2/P),  visually  Inspect  the  cylinder  for  the  follo%dng  conditions: 

a.  Rust  on  the  cylinder  (none  allowed). 

b.  Excessive  dents  in  the  cylinder  (none  allowed). 

c.  Condition  of  the  paint. 


Supersede!  2ABR42231-VB-404,  1  June  1971. 
OPR:     3370  TCHTG 
DISTRIBUTION:  X 
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IS       14    15    16  17 


1  Qflinder 

2  TalTO  aday 

3  Locking  Sleeve 

4  Cable  nsss^ 
3  cylinder  Adapter 

6  Adapter 

7  Dlf  fuaar  Plug 

8  3<xrev 

9  Plu« 

10  Diffuser  Insert 

11  9afe^  Disc 

12  Safety  Disc  Washer 

13  Check  (Poppet  Valve) 

14  Spring 
-:5  Retainer 

16  letalnlng  Ring 

17  Gasket 


□ 


FIffur*  t   loflatian  AsMmbly  (Bei^) 
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List  any  defects  discovered: 


2.     Note  figure  2.    l^ert  the  end  of  a  small  paper  clip  in  the  slot 
in  the  side  of  the  locking  sleeve  (3,  figure  1)  and  raise  the  spring  slip 
lock  to  release  t>e  locking  sleeve. 


Figure  2.    Releasing  Spring  on  Locking  Sleeve. 

3.  Lower  the  locking  sleeve  and  remove  the  cable  and  ball  assembly 
(4,  figure  1). 

4.  Inspect  the  locking  sleeve  for  nicks  and  for  free  vp  and  down 
movement  • 

5.  Inspect  the  cable  assembly  for  fraying  and  a  loosened  ball  on  the 
end  of  the  cable.    List  any  defects  discovered: 


6.      Note  figure  3*    Insert  the  metal  rod  provided  into  the  cable  ball 
hole  of  the  cam  and  operate  the  cam  to  open  the  valve. 


Figure  3.    Operating  Cam  with  Metal  Rod. 

Note:    A  charged  cylinder  can  be  discharged  in  this  manner,  or  ii  the 
cylinder  1«  overcharged  during  the  charging  operation,  the  metal  rod 
is  used  to  "bleed  down"  the  cylinder  to  the  proper  weight  in  the  event 
of  an  overcharge.    The  cam  is  also  placed  in  this  open  position  for 
charging  the  cylinder  with  CO^. 

7.  Using  the  metal  rod,  operate  the  cam  to  the  reset  position. 

8.  Replace  the  cable  c?nd  ball  assembly  and  raise  the  locking  sleeve 
to  the  locked  position. 

Section  II 

INSPECTION  AND  OVERHAUL  OF  MULTIPLACE  LIFE  RAFT  INFLATION  CYLINDER  ASSEMBLY 
Refer  to  Figure  4  for  an  illustrated  breakdown  of  the  cylinder  assembly. 
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1  O'linder 

2  Stephen  Tube 
5  Oabla  assy 

4  Cable  Houaiiig 

5  Poppet  Valye  Spcring 
7  Poppet  Valve 
9  Carer  Plate 

10  Screv 

11  Waalier 

12  SBeOing  Wire 

13  Soling  Wire  Seal 

14  Sueaye 
13  Sheave  Screw 

16  Caa  aaay 

17  Caa  Follower  asey 

18  Caai  Arm  Pivot  Screv 

19  0am  Follower  Syriag 

20  Safety  Outlet  Plug 

21  Safety  Outlet  Ineert 

22  Safety  Outlet  Disc 
24  Plug  asfliy 

26  Defleotor(i>ifftiser  Plug) 
28  Valve  Body  


Figure  4.    Cylixuier  and  Valve  Aseejnbly,  Part  Number  55C3689. 
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1.  Using  the  cylinder  assembly  provided,  remove  the  cover  plate  (9) 
from  the  valve  assembly  by  j^raovlng  the  two  screws  (10)  and  washers  (11). 

2.  Disengage  the  ^1  cable  (3)  from  the  sheave  (14)  and  remove  the 
sheave  by  removing  the  screw  (15)  which  holds  it  in  place. 

3.  Perform  the  following  visual  inspections  of  parts  removed: 

a.  Surfaces  of  valve  parts  for  scratches,  scoring,  or  dirt. 

b.  Cover  plate  for  loose  rivets  or  damaged  window. 

c.  Sheave  for  burrs,  cracks,  or  damage  that  would  cause  a  mal- 
function. 

d.  P\ill  cable  for  fraying  and  that  the  ball  on  the  end  of  the 
cable  is  secure. 

List  any  defects  discovered: 


4.  Install  the  sheave,  engaging  the  pin  cji  the  cam  (16)  into  the  hole 
in  the  sheave. 

5.  Install  the  sheave  retaining  screw. 

6.  Rotate  the  sheave  to  the  charged  position  (all  the  way  to  the 
left).    Charging  pressure  will  automatically  open  the  pilot  valve. 

Note:    Final  assembly  will  be  completed  after  recharging  of  the 
cylinder. 


Section  III.    CYLIin)ER  RECHARGING 

Warning:     Any  charged  or  p&r2:ially  charged  gas  cyl-^nder  of  any  size  is 
potentially  dangerous  and  must  always  be  handled  with  caution. 
Handle  all  compressed  gas  cylinders  carefully,  never  drop  them  or 
permit  them  to  strike  each  other  violently.    Discharge  valves  of 
cylinders  must  not  be  bumped  or  knocked.    Cylinders  must  be  secured 
la  a  chain  vise  or  other  approved  clamping  device  when  being  dis- 
charged.   Protective  gloves  and  a  face  mask  or  goggles  must  be  worn 
throughout  the  cylinder  charging  process. 


During  your  cylinder  recharging  procedure,  refer  to  the  diagram 
(figure  5)  of  the  recharging  set-up  provided.    For  training  purposes,  all  valves 
on  che  recharging  ^et-up  which  are  identified  by  letters  on  the  diagram 
have  been  color  coded.    The  Instructor  will  inform  you  of  the  type  of  life 
raft  that  the  cylinder  you  are  recharging  is  used  on. 
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Figr*-e  5. 


1.      For  what  types  of  life  rafts  Is  this  cylinder  used? 


2.  Note  the  empty  weight  of  the  cylinder  assembly  stenciled  on 
the  cylinder.    The  empty  cylinder  weight  Is  lbs. 

3.  Place  the  cylinder  In  the  holding  adapter  on  the  scale. 

4.  Make  sure  all  valves  on  the  recharging  set-up  are  CLOSED. 

5.  Slowly  open  the  valve. (B)  on  the  nitrogen  supply  cylinder  by 
reaching  through  the  opening  in  the  top  of  the  panel.    Note  that  nitrogen 
supply  pressure  shows  on  the  pressure  gage  (P).    If  It  does  npt,  corsult 
your  Instructor.    Does  a  reading  show  on  the  pressure  gage? 
(yes  or  no) 

6.  Open  the  ORANGE  valve  (0)  In  the  nitrogen  supply  line. 

7.  Open  the  RED  valve  (M)  in  the  cylinder  charging  line  momentarily 
to  purge  air  out  of  the  charging  hose  (T) . 

8.  Close  the  RED  valve  (M)  and  immediately  connect  the  charging  hose 
(T)  to  the  cylinder  to  be  charged.    Use  2  wrenches  to  tighten  the  connection. 

9.  Unlock  the  scale  mechanism  by  turning  the  handle  below  the  dial  to 
the  left.  Make  sure  the  charging  hose  is  freely  suspended  and  does  not  rest 
on  the  equipment.  -y 

10.      Set  the  scale  to  read  exactly  zero  by  carefully  positioning  the 
weight  on  the  top  balance  bar  of  the  scale.    The  zero  line  on  the  scale 
pointer  should  be  exactly  in  line  with  the  zero  line  on  the  scale  dial. 


11.      Refer  to  table  1  and  note  the  weight  of  N2  to  be  added  to  the 
cylinder  you  are  recharging.    The  specified  weight  of  Nj  is   lb. 


RAFT 
MA-1 

E-2B-LRU-1P 
F-2B 

F-2B(C121  ACFT 
OiaY) 


CYL  CAP(gJ  IN) 

147 
205 
415 
386 


C02(LBS) 


2.98  -  .06 


NjCLBS 


0.12  +  .00  -  .02 


4.32  -  .06       0.12  -  .02 


9.00  -  .062      0.20  -  .01 


9.00  -  0.62     0.20  -  .01 


CQMBINfD  CHG 


4  .06  -  .08 


4.44  -  .08 


9.20  -  .072 


9.20 


.072 


Table  1. 

For  the  cylinder  you  are  recharging,  .1  lb  of  N2  is  within  the  tolerance 
allowed.    Each  graduation  on  the  scale  dial  equals  .1  of  a  pound.    The  scale 
may  be  read  in  hundredths  of  a  pound  by  means  of  the  vernier  on  the  scale 
pointer.    For  a  reiidlng  of  .12  lb,  the  zero  line  on  the  pointer  would  be 
just  past  one  graduation  on  the  scale  dial  and  the  second  line  on  the 
vernier  would  be  in  line  with  a  graduation  on  the  scale  dial. 
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12.    While  watching  the  pointer  on  the  scale,  slightly  open  the  RED 
valve  (M)  and  when  the  pointer  has  moved  one  graduation  on  the  scale  dial^ 
CLOSE  the  valve. 


If  a  cylinder  is  overcharged  with  N2  or  CO^i  it  must  be  bled  down  to 
the  proper  weight  by  placing  a  screwdriver  in  the  slot  in  the  sheave  and' 
carefully  rotating  the  sheave  clockwise. 

13.  Close  the  valve  (B)  on  the  N2  supply  cylinder. 

14.  Open  the  WHITE  bleed  valve  (N)  to  bleed  nitrogen  pressure  from 
the  line,  then  close  the  valve. 

15.  ^lose  the  ORANGE  valve  (0)  in  the  nitrogen  supply  line. 

16.  Again  refer  to  table  1  and  determine  the  veight  of  CO^  for  the 

cylinder  you  are  recharging.    The  specified  weight  of  CO^  is    lbs. 

Although  the  specified  weight  is  given  in  pounds  and  hunaredr.hs  of  pounds, 

a  reading  to  the  nearest  .1  of  a  pound  is  well  within  tolerance.    For  the 
MA-1  raft  cylinder  yotir  CO^^  weight  will  be  3.0  lbs.    For  the  E-2B-LRU-1P 
raft  cylinder  your  CO^  weight  will  be  4.3  lbs. 

17.  Reset  the  scale  to  read  exactly  zero  by  repositioning  the  weight 
on  the  top  balance  bar. 

18.  Slowly  open  the  valve  (Z)  on  the  CO2  supply  cylinder. 

19.  Crack  open  the  BLACK  bleed  valve  (A)  at  the  pump  inlet  until  liquid 
CO^  is  flowing  fre-^ly  from  the  supply  cylinder,  then  close  the  valve.  The 
denydrator  filteVs  must  first  fill  with  liquid  CO2. 

20.  Open  the  GREEN  valve  (L)  in  the  pump  outlet  line. 

21.  Crack  open  the  WHITE  bleed  valve  (N)  which  will  allow  CO2  gas  to  be 
purged  from  the  pump.    Close  this  valve  as  soon  as  liquid  CO2  appears  or  gas 
no  longer  flows. 

22.  Open  the  RED  valve  (M)  in  the  cylinder  charging  line. 

23.  Insert  the  plug  on  the  power  cable  into  the  electrical  power  out- 
let.   Read  the  following  caution  and  steps  23  and  24,  then  start  the 
recharging  unit  by  pressing  the  START  button. 

Caution:    You  must  stop  the  puuip  before  closing  the  RED  or  GREEN 
valves  in  the  outlet  charging  line  from  the  pump.    Failure  to  do  ' 
so  may  result  in  blowing  the  safety  rupture  disc  at  the  pump  outlet. 

24.  Carefully  watch  the  scale  and  when  it  reads  the  weight  of  CO^  to  be 
added >  quickly  press  the  STOP  Initton  to  stop  the  recharging  unit.   

25.  As  soon  as  the  pump  stops,  close  the  GREEN  valve  (L)  in  the  pump 
outlet  line. 

26.  Close  the  valve  (Z)  on  the  CO^  supply  cylinder 
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27.  Open  the  WHITE  bleed  valve  to  bleed  COj  pressure  from  the  line. 

28.  Lock  the  scale  mechanism  by  turning  the  handle  below  the  dial  to 
the  right. 

29.  Using  two  wrenches »  slowly  loosen  tha  hose  adapter  connection  at 
the  life  raft  cylinder  and  disconnect  the  hose  from  the  adapter. 

30.  Remove  the  cylinder  from  the  scale. 

31.  Unplug  t     power  cable  from  the  electrical  power  outlet  and 
secure  the  cable. 

Section  IV.    FINAL  CYLINDER  ASSEMBLY  -  Refer  to  Figure  4 

1.      Note  figure  6.    Slide  the  pull  cable  through  the  pull  cable  housing 
and  wrap  it  around  the  sheave,  engaging  the  ball  in  the  recess  of  the  sheave 
for  the  DOWN  PULL  position. 

  WINDOW 


Figure  6. 


Note  the  small  h  .e  through  the  top  edge  of  the  sheave  for  installing 
a  piece  of  copper  safety  wire.    Note  figure. 7.    The  two  en^s  of  the  safety 
wire  are  passed  up  through  the  two  small  holes  in  the  cover  plate «  wrapped 
around  a  cover  plate  screw,  and  sealed  vjth  a  le^)-^  faal..  This  safety 
wire  is  broken  when  the  cable  is  pulled  tc  dfsck  r^e  the  cylinder. 
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Figure  7.   Multlplace  Cohtrol  Head. 

J 


Caution:    Note  the  under  side  of  the  valve  cover  plate.  Modified 
cover  plates  have  a  leaf  sprlag  installed  Inside  the  flange  on  the 
cover- plate  to  ensure  that  ehe  pull  cable  remains  In  place  iround 
thee  sheave.    When  Installing  the  modified  cover  plate,  flrr.t  rotate 
It  to  the  right  approximately  AO  degrees  In  order  for  the- projecting 
end  of  the  spring    to  clear  the  sheave. 

2.  *  Assendile  the  cover  plate  O)  to  the  valve  body  (28)  with  the 
washers  (11)  and  screws  (10).    Make  sure  the  green  Indicator  dot  Is  visible 
through  t.-6  window  In  the  cover  plate. 
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FOREWORD 


This  programmed  text  was  prepared  iht  use  in  the  3ABR42331 
instructional  system.    The  material  contained  herein  has  been  validated 
using  45  students  enrolled  in  the  3ABR42331  course.    Ninety  percent  o'f 
the  students  taking  this  text  surpassed  the  criterion  called  for  in  the 
approved 'lesson  objective.    The  average  student  required  (33)  minutes  to  ^ 
complete  the  text. 

OBJECTIVES  * 

After  completing  this  programmed  text,  yon  will  be  able  to: 

1.      Associate  four  .(4)  of  five  (5)  components  of  the  five 
extinguishing  directional  system  with  their  purpose. 

2^.      Select  the  safety  precautions, N^ifhout  error,  involved  in  t 
handling  fire  extinguishing  agents. 

INSTRUCTIONS 

This  programmed  text  presents  material  in  small  steps  called  "frames?" 
After  egch  frame  you  will  fin^  a  number  of  statements  and  you  are  asked  to 
select  'the  statement  or  statements  that  are  true.    Read  the  material  in 
each  frame  before  making  a  selection.    The  answers  to  each  frame  can  be 
|found  on  the  top  of  the  following  page.    If  you  select  the  correct  answers, 
continue  to  the  next  frame.    If  you  are  wrong  or  in  doubt,  read  the 
material  again  and  correct  yourself  before  proceeding. 


\ 


Supersedes  3ABR42231-PT-305A,  14  July>1971. 
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DISTRIBUTION:  X 
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Frame  1 

It  should  be  stated  here  that  fires  aboard  an  aircraft  are  not 
too  coimaon.    Some  aircraft  have^no  fire  extinguishing  system  at  all. 
The  B-52,  for  example,  hdss^fire  detection  system  or  fire  warning 
system,  but  no  extinguishing^^stem.    Aircraft  that  do  have  a  fire 
extinguishing  system  use  it  only  in  case  of  an  emergency,  after  every 
attempt  has  been  made* to  extinguish  the  fire. 


Model  F-Eleventeen  Fire  Extinguishing  System. 


•Model  F-Elevent>en  Fire  Extinguishing  System* 
Select  the  following  statement (s)  that  is/are  true, 

1.  The  fire  extinguishing  system  is  used  only  wl*en  all  other 

^        attempts  to  put  out  the  fire  have  failed.  ^ 

2.  All  aircraft  have  fire  extinguishing  systems. 


^  S 


3SS 


♦   3063       ^      •  ' 

An^weirs  tp  E»ame  1:    !•  2.   

Frame  2  * 

In  the  past,  (he  Air  Force  has  experimented  with  several  fire 
extlngut^hlng  agents.    For  years,  catbon' dioxide  (CC^),  was  the 
chemical  they  depended  upon.    But  CO^  cylinders  are  neavy  and  hold 
surpriisingly  J^lttle  gas'for  the  space  they  occupy.    Also,  many  pilots 
saw  the  flames  continue  after  they  had  used  the  whole  load  of  CO^  So 
•  the  engineer^  looked  for  an  easily  vaporized  .^extinguishing  llqula  that 
would  alloi^the  aircraft  to  carry  more  potential  gas  in  the  small  space 
available.    In  experimenting  with  chemical  compov-.nds,  they  came  up 
with  the  following  liquid  agents.    Chl^ro-bromo-methane  (CB) , 
Bromb-_tri-fluoro-methane  (BT),  and  Dl-b.romo  dl-f  luoro-methane  (DB)  • 
Like  CO^f  these  agents  exclude  oxygen  from  the  burning  area. 

Select  the  following  statement (s)  that  is/are  true. 

 ^1.  has  been  thfe  main  fire  extinguishing  agent  for  years. 


^2.  is  not  t^o  effective  for  aircraft  use. 

3.      Chlorobromome thane  is  a  liquid  agent. 


_4.      Like  CO2,  tne  liquid  agents  r^ove  the  oxygen  from  the 
'    burning  area.  — 

^5.  is  a  liquid  fire  extinguishing  agent. 
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Answers  to  Frame  2:  1. 


2. 


3. 


4. 


X  5.   

ame  3 


Of  the  three  liquid*  agents  Usted  In  tir^^  previous  frame,  th^^one 
most  used  is  Chlorobromome thane >  or  more  commonly  known  as  "CB/*  It 
will, be  referred  to  as  CB  In  this*  text.    CB  Is  a  heavy,  colorless 
liquid  that  will  evaporate  from  an  open  container  faster  than  alcohol, 
but  slower  thani* ether.    It  producr  5  a  gas  'dense  enough  to  displace  most 
of  the  oxygen  Iri  the  area."  CB  is  effectlv^on  all  types  of  fires..  It 
will  do  Just  as  much  as  a  large  cylinder  of        or  soda  acid. 

^  Select  the  following  statement(s)  that  Is/are  true. 


^1. 
2. 
3. 


5. 


Chlorobromome thane  Is  |:ommonly  called  V^B.** 

i 

CB  is  a  heavy,  colorless  liquid. 

CB  will  evaporate  faster  thai  alcohol. 

Wlien  CB  evaporates.  It  produces  a  very  dense  gas 

CB  Is  effective  on  all  types  of  fires. 

When  CB  is  released,  it  displ'^ces  most  of  the  oxygen  in 
the  area.  ^  *  . 


■J 


.  AnsSfIr,  to  Frame  3:  ^'l-  ^     3.    .T^     4.    ^  ^   6.  _T 

Frame  4 

CB  bcgins^to  boil  at  154^  F  and  produces  the  dense  gas  previously 
described/    This  is  a  very  low  boiling  point  for  a  liquid  considering 
that  water  boils  at  212^  F.  .CB  will  freeze  and  become  a  solid  at 
-123^  F.    Although  CB  evaporates  readily,  it  has  very  little 
compressibility ' when  stored  in  a.container.    Therefore,  CB  fails  to 
produce  enough  ^as  pressure  to  expel  the  liquid  from  the  container 
when  4n  opening  is  provided..  To  ptpduce  the  required  gaf,  pressure  to 
discharge  ttje  CB,  a  nitrpfeen' gas' (Nj)  Is  added.  t^Nitrogen  was  chosen 
as  the  expeflant  hffecause'  it  is  not  greatly  aff epted  by  temperature 
changes.    The,ef f ective  discharge  pressure  for  ^^^CB  system  is  400  to 
440  PSI  which  is  obtained  by  using  the  nitrogen.  \Also,  by  using 
nitrogen,  the  CB  c^crrainers  will  J  operate  satisf  a^i^rily  anywhere 
between  -67^ana%60^  TF.>   "  .  ,^  \ 

Selfct  the  following  statement(s)  that  is/are  trii^. 

•  «  f 

'   ^1.  Nitrogen  is  added  to  expel  the       from  the  container. 

 2.  CB  will  boi]/at  a  very  low  temperature  (154^  F). 

 ^3,  CB  produces  enough  gas  pressure  by  itself  for  expelling  purposes. 

4.  The  effective  pressure  required  to  expel  CB  is  400  to  440  psi. 


5.  (With  the  addition  of  hltrogen,  the  CB  containers  will  operate 

satisfactorily  anyj/here  between  ;t67    F  anv'  4160    F.  , 

\  '  >  • 

6.  CB  will  begin  to>oil  at  a  very  high  temperafture.  < 

7.  CB  has  very  little  .compressibility  when  stored  in  th^  container. 


y 
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Answers  to  Frame  4:    1.  2.  '_T_  3. 

.    \5.     T      "6.  .  7.  T" 


A. 


1 


Frame  $ 


'The  CB  used  in  a  fire  extinguishing  system  is  aeriially  a  mixture  v 
of  several  chemicals.    Only  82%  of  this  mixture  is  pure  cTilorobromomethane. 
Foi^  technical  reasons,  ther«  is  also  9%  methylene  bromide  and  9%  methylene 
chloride ^added  to  complete  the, mixture.    These  are  also  clear,  heavy  ! 
Iiqui4s;with  properties -much  like  CB.    However,  they  are  higfely  corrosive 
chemicals  and  wher  mixed  with  water  or  water^vapor,  form  hydrochloric 
acid.    Hydrochloric  acid  is  highly  corrosive;  in  fact,  (y)ntractors  use 
It  to  clean  brinks.    Since  the  fire  extinguishing  system  discharge 
nozzles  at  the  engines  are  open  to  the  atmosphere,  it  is  almost  impossible  \ 
to  keep' water  out  of  the  system.    An  inhibitor  (preventive)  is  added  to 
the       to  reduce  corrosion  and  prevent  damage  to  the  aluminum  tubifPg. 


Select  the  following  statement (s).  that  is/are  tri*e. 
1.      The  CB  mixture  used  contains  82%  pure  CB.. 


_2.     Methylene  bromide  and  methylene  chloride  are  high  corrosive 
chemiJbals.' 

3.      Hyd/ochldric  acid  is  not  corf osive.^      '  ^  ^ 


5. 


An  inhibitor  is  addfed  to  the  CB  mixture->to  reduce  corrosion. 


CB  is  actually  82%  pure  CB,  9%' methylene  bromide  and  9% 
methylene  chloride.  *  '       ^  *  y 


6.     Without  an  inhibicor,  CB  and  water  will  form  hydrochloric  acid. 
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era  to  Frame  5:    1.     T  -^^1.     T     3.  4.     T       5.     T  6. 


Frame  6 


^    As. previously  stated,  CB  Is  effective  on  all  types  of  fires  and,  \ 
*  8lQe€^lt  has  an  Inhibitory  It  wll.1  not  ruin  the  very  materials  you  are 
trying  to  save  from  the  fire.    The^ main  advantage  that  CB  has  over  fire 
^extinguishing  agents  that  were  previously  used.  Is  that  It  takes  less 
^  CB  to  ^tlngulsh  the  same  fire.    In  other  vjrds  the  covolume  (agent 
versus  oxygen  by  volume;  of  CB  Is  15%.    The  covolume  of  CO^  Is  45 
perccint,  and  water  Is  67  percent.    Simply  stated,  on  a  given  fire, 
you  would*  have  to  cover  67Z  of  tht  area  with  water,  45%  with  CO^ 
and  only  15Z  with  CB  to  ^tlfagulsh^the  fire  by  removing  tlie  oxygen. 

Select  the  following  statem(:nt(s)  that  Is/are  true. 

,  -  ^       The  covolume  of  CB  is  15  percenf  . 


2.  It  takes  mope  CB^o  put  out  a  given  fire  than  water. 

3.  Covolume  reiars  to  the  amoynt  of  dgent  required  to  displace  -a 
'  given  amount  of  oxygen  by  volume. 


9 


4.      CB  will  not  ruin  ^tJife- items  you  are  trying  to  save  from  the 


fire.       ^  ^ 


5.      CB  is  effective -on  all  typfes  of  fires. 

1 
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Answers  to  Frame  6]    1.     T-  2. 


3. 


4. 


5. 


J  ■     ■  t  Frame  7 

CB  is  th3  llqulcf  agent  most  commonly  used,  the  other  two  liquids 
should  be  mentioned.    ^romo~trl-f luoro-me thane,  gr  more  commonly  ^ 
known  as  "BT,"^nd  Di-t^romo-dl-f luoro-metbane,  which  is  known  J  • 
*       as  "DB,"  are  heavy  .Colorless  liquids  like  qB  and  for  all  practical  ^ 
purposes,  have  the  properties  and  characteristics  of  CB.  .  However, 
y   the  vapors  produced  by  BT  and  DB  are  more  toxic  (poisonous)  than  those 
•  of  CB.    The  same  aircraft  containers,  system  components,  and  recharging 
set-up  is  used  wifhjall  three  liquid  agents,    "^e  only  requirement  is 
that  all  components' have  to  be  thoroughly  cleaned  when  changing  from 
onre  agent  to  another. 


Select  the  ftollowingtstatement(s)  that  is/are  true. 
_1.      The  characterj^stics  of  CB,  BT,  and- a^e  much  the  same. 


2.  The  vapprs  produced  by  BT  and  DB  are  more. toxic  than  those 
^  of  CB.  '  '  .  ' 

I  .  *^  •  *  ^    *  * 

3.  Dlffere^  containers  are  useii  for  all  three  agents. 


_4.  .  Dibnomod if luorome thane  is  commonly  called  DB. 
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Answers  to  Frame  7:  1. 
Frame  8 


2, 


3. 


4. 


The  containers  used  to  store  CB  on  the  aircraft  are  generally 
spherical  (round),  but  can  be  cylindrical.     (See  illustration  below). 
The  size  of  the  containers  will  vary  with  the  needs  of  a  particular 
aircraft.    At  thp  present  time,  containers  are  made  that  hold  anywhere 
between  8  and  33  pounds  of  CB.    They  are  filled  by  weight.  The 
containers  are  made,  of  steel  and  painted  brown  to  indicate  that  it 
contains  a  liquid  fire  extinguishing  agent.    Remember,  each  container 
is  charjed  with  400  to  440  psi  of  nitrogen  in  addition  to  the  specific 
weight  af  CB.  \^ 


SPHERICAL  COM^AINERS 


CYJ.fNDRICAL  CONTAINER 


CI  CONTAINERS 


Select  the* following  statement(s)  that  is/are  true. 

1.  CB  containers  are  filled  by  weight. 

2.  Alj^  aircraft  C^  containers  are  cylindrical. 


^  3. 


4^^ 


5. 


C3  containers  are  made  that  hold  anywhere  between  8  and  33 
pounds.  '  .  *  ^ 

Each  container  Is  ^charged  with  400  to  440  psi  of  nitrogen. 
CB -containers  , are  painted  brown. 

CB  containers  are  made  of  aluminum.  , 
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ERJC 


^Ansuets  tc  Frame  8:    1.    _T_  ^' 


3. 


4. 


5.      T      6.  _ 

« 

Frame  9 


CB  .containers  or  spheJ^es  are  manufactured  by  two  different  companies, 
Walter  Kldde  and  Amerlcar^-LaFrance.    The  cpntalners  made 'by  Walter  Kidde  " 
have  no  siphon  tvbe  an4'^'must  be  mounted  valve  end  down,  American-LaFrance 
containers  havo  a  siphon  ^ube  and  arc  mounted  valve  end  u£  in  the  aircraft; 
Proper  positions  cf  tae  two  types  .ol^contalners  are*  shown  below.  UnHk^ 
C0«  cylinders,  CB  contalnets  do  not  require  a  hydrostatic  test  every  five 
years.    However if  an  aircraft  container  1^  to  be  shipped  fv\lly  charged 
through  interstate  commerce  channels,  it  nust.be  tested  or  have  been  tested 
within  the  past  5  years.     The  last  hydrostatic  test  date  (if  performed) 
can  be  found  on  the  valve  end  cf  the  container.    It  wlU  be  stamped  in 
the  metal.    The  last  test  date  is  shown  in  the  following  manner,  i-65 
or  2-65.*,  This  Indicates  the  test  was  performed  in  the  first  half  or 
second  half  of  1965.  ^  ^ 

wait-r:,kidde 


AMllRtCAN.LAf^RANCE 

Select  the  follpwing  statement(s)  that  is/are  true. 

1.  The  containers  mada  by  Walter  Kldde  are  mounted  vc  d  down, 

•  *  • 

2.  CB  containers  are  removed  from  the  aircraft  for  a  hyarubtatlc 

test  every  five  years.  .  , 

American-LaFrance  containers  have  a  siphon  tube. 

CB  containers  require  a  hydrosta'tlc  test  only  if  they  are^  ^ 
shipped  fully  cl\arged.' 


4. 


5. 
6. 


Walter  Kldde  containers vhave  no  siphon  tube. 

If  the  figure  l-i-O  is  stamped  on  the  valve  end  of  a  CB 
container,  it  was  tested  the  first  half  of  1960. 
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3.      T     4.      T     5.      1      6.  T 


m 

Answers  to  Frame  9:    1.      T  2. 

Frame  10 

tn  the  illustration  we  have 
a  CB  container  and  bonnet  assembly. 
The  bonnet  assembly  includes  tne 
bonnet  body,  gasket,  contact, 
strainer  and  cartridge  assembly. 
The  explosive  cartridge  (or  squib) 
is  flrAi  by  28  VDC  and  ruptures 
the  frangible  disc.    The  frangible 
disc,  lead  wdHsher  and  Oaring 
packing  is  held  in  place  in  the 
contsainer  outlet  by  the  retainer 
nut,\The  frangible  disc  is 
undercut  into  pie*shaped  segments 
so  it  will  break  clean  when  hit 
by  the  slug  from  the  cartridge. 
The  strainer  in  the  bonnet  will 
catch  the  segments  from  the 
frangible  disc  to  prevent  them 
from  going  out  into  the  system 
with  the  agent  and  oDStructing 
flow.    The  fusible  plug  in  the 
safety  outleL  will  blow  if 
thermal  expansion  causes  too 
much  pressure  to  build  up  in 
the  container.    The  pressure 
gage  is  provided  to  indicate 
internal  pressure. 


^1 


CB  r^^tainer  and  bonnet  assembly. 


Select  ^he  following  statement (s)  that*  is/are  trpe. 

1.  T1^  cartridge  is  part  of  the  bonnet  assembly. 

2.  TheVrangible  disc  holds  the  agent  in  the  container. 

3.  The  visible  safety  plug  takes  care  of  thermal  expansion. 

4.  The  carWd^e  is  fired  by  110  VAC  current. 

5.  A  slug  from  the  cartridge  ^eaks  the  frangible  disc. 
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Answers  co  Frame  10:    1.     1'  2. 


3. 


A. 


5. 


\ 


*  Frame  11 

The  Walter  Kldde  double-check  tee  valve,  illlistrated  below  ^awinects 
two  supply  lines  qr  inlet  ports  to  a  common  distribution  liu^^orTatlet 
port.    The  double-check  tee  valve  operates  i*hen  Cr^  prassure  pushe/  the 
flapper  (or  check) <o  one  side,  closing  off  either  inlet  port  depending 
on  which  CB  container  is  discharged.  ♦  When  the  flow  of  CB  is  completed, 
a  spring  returns  the  flapper  to  its  original  (centerX  position.  The 
purpose  of  the  ^double-check  te^  valve,  is  to  orevent  a  full  CB  container 
from  entering^ne  that  has  all^eady  been  discharged.    For  example,  suppose 
the  No.  2  container  in  the  illustration  belcw  had  to  be  discharger*  after 
the  No.  1  container  was  empty.    Without  the  double-chfeck  tee  valve,  the 
No.  2  container  would  discharge  into  the  empty  No    1  cont^^iner. 


> 


WALTER  K^DDE 


INLET  PORT 


OUTLET  PORT 


TO  WING 
SELECTOR 
VALVE 


DOUBLE-CHECK  TEE  VALVE 
Select  the  following  statement(s)  that  is/are  true. 

1.  CB  pressure  positions  the  double-check  tee  valve. 

2.  ^  The  double-check  tee  valve  is  solenoid  operated. 

3.  The  double-check  tee  valve  prevents  the  agents  from  flowing 
into  an  empty  container.  ,  ^ 


4.      The  flapper  or  check  is  spring  loaded  to  the  center  position 


1 


13 


398 


1 


AntSi^  to  Frame  11:    1-.  JL   2-    31    ^T^  4. 


Framd  12 


Two-^ay  directional  valves  or.  selector  valves  used  in  the  fire 
extinguishing  system  are  xsolenoid  operated  as  shown  in- this  illustration. 
In  most  cases  the  selectolr  valves  are  controlled  by  fire  switches  on  the 
flight  engineer's  panel  or  pilot's  panel.    When  a  fire  warning  light 
comes  on,  the  directional  valves  are  positioned  by  switches  in  such  a 
way  aa  to  direct  the  agent  to  ^he  engine  nacelle  which-has  the  fire. 
In  t\A  normal  portion,  the  engine  selector  valves  close  the  l\\e 
,™^,to  each  engine.   ,Note  that  ENG-2  selector  valve  is  closed  and  ENG-1 
SeiecioT  valve  is  energised  open  and  agent  is  flawing  to  that  engine.  In 
th€  Schematic  on  the  left  below,  when  solenoid  (G)  is  energized,  the  valve 
MaiT (A)  is  pivoted  on  the  rotor  (F)  to  close  outlet  port  (H)  as  shown.  Th 
^/tolding  spring  (E)  normally  holds  the  valve  seal  (A)  over  outlet  port  (D). 


DIRECTIONAL 
INE 


A.  VAIVI  $IAl  t  MOIOINO  SMINO 
t.  MieT  ^OtT    r  lOTOl 
C  VAIVI  »O0y  O-  SOLENOID 
0.  OUTUT  rOtr  H.  OUTLCT  POtT 


VALVE  SEAL 


WING 
SELECTOR 
VALVE 


^TO 
ENG.l 


TO  PS.VAIVE  SEAL 


ENG.2 


TV^O-V^AY  DIRECTIONAL  VALVE 

Select  the  following  statement  (s)  that  is/are  true. 

1.     Directional  valves  are  also  called  selector  valves. 


2. 
3. 


_4. 
5. 


Directional  valves  are  solenoid  operated. 

Directional  valvps  direct  the  flow  of  the  extinguishing 
agent. 

Directional  valves  are  held  in  one  position  by  a  spring. 

The  double-check  tee  valve  and  directional  valve  operate 
the  same. 
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Answers  to  Frame  12:    1.     T     2.      T     3.     T     4.     T  5. 


Frame  13 


ERIC 


Shown  below  Is  a  typical  CB  fire  extinguisher  system.    This  is  a 
two-shot  system,  in  that  BANK  NO.  1  or  BANK  NO.  2  can  be  discharged  to 
the  same  engine  as  selected  by  the  discharge  selector  switch  (B) .  As 
illustrated  below,  CB  is  being  discharged  into  ENG-1  nacelle.  Let's 
follow  the  sequence  of  events  that  led  up  to  this  action.    When  the 
engine  NO.  1  fire  ligat  came  on,  the  engineer  first  shuts  off  fuel, 
bleed  air,  and  hydraulic  fluid  to  that  engine.    If  the  fire  still  exists- 
he  positions  the  discharge  selector  switch  (B)  to  BANK  NO,  2  and  places 
the  ENG  1  selector  switch  (A)  ''on".     (A  selector  switch  is  provided  for 
each  engine.)    The  cartriilge  in  the  bonnet  assembly  (D)  on  both  containers 
of  BANK  NO.  2  now  receive  current.    The  ENG-X  selector  switch  (A) 
positions  the  wing  directional  valve  (G)  and  engine  selector  valve  (F) 
for  ENG-1.    The  time  delay  relay  (C)  will  delay  current  to  the  cartridge 
in  either  bank  for  aoout  two  seconds  to  give  th^  directional  valves  time 
to  position.    If  the  fire  is  still  not  out,  BANK  NO.  1  can  be  discharged 
to  the  same  engine  by  moving  the 'discharge  selector  switch  to  BANK  NO.  1 
position.  oisCMAiCE 
BANK  NO,2  SJiECTOi 

U ,  SWITCH 


BANK  N0.1 


,   Tyr-)ical  CB  Fire  Extinguisher  System. 
Select  the  following  statement (s)  that  is/are  true. 

1.  The  above  syst^jm  is  referred  to  as  a  two-shot  system. 

2.  The  engine  selector  switch  positions  the  wing  and  engine  ^ 
selector  valves. 

3.  The  discharge  selector  switch  determines  which  bank  is  to  be  used, 

4.  The  time  delay  relay  allows  the  directional  valves  to  position 
before  releasing  the  agenu. 
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MsiNirs  to  Frame  13:  1. 


2.- 


3. 


4. 


Frame  14 


Let^s  discuss  the  fire  extingulehlng  system  that  is  used  on  the 
aircraft  shown  below*    This  system  uses  Di-bromo-di-fluoro-me thane  or 
DB  as  the  extinguishing  agent*    The  DB  containers  (or  bottles)  are 
Installed  in  the  NO.  1  and  NO.  4  engine  pylons.    NO.  1  pylon  has  a 
two  containers  vblch  are  used  for  engft^^l  and  2.    NO.  4  pylon  has 
two  containers  foV  engines  3  and  4.    Operation  of  this  system  differs 
from  the  typical  C3  system  previously  discussed  (Frame  12).    In  a  • 
typical  system,  the  emergency  shutdown  system  jmist  be  used  before 
the  fire  extlngulshitig  system  is  operjited*    On  this  aircraft,  the  fire 
extinguishing  S3^stem  -nd  efnging  emergency  shutdown  system  are  combined. 
In  other  words,  provisxjns  for  isolating  each  engine  from  fuel,  bleed 
air  and  hydraulic  fluid  is  comb-'.ned  with  the  fi^re  extingutshing  system. 


Select  the  following  statement (s)  that  is/are  true. 

1.  The  fire  extinguishing  system  on  the  aircraft  shown  above  uses  DB. 

2.  The  DB  containers  are  installed  in  iJO.  1  and  NO.  4  engine  pylons. 
J.      On  this  aircraft  the  engine  emergency,  shutdown  system  is 

combined  with  the  fire  extinguishing  system. 
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Answers  to  Frane  14':  1. 


Sot(> 


2. 


3- 


^  Frame  15 

Shown  below  are  the  components  of  the  engine  fire  extinguishing* 
system  on  the  aircraft.    Number  4  engine  pylon  has  identical  components 
for  engines  3  and  4.    Note  that  each  agent  container  (1)  has  two  discharge 
heads  (3).    The  discharge  head  is  similar  to  the  bonnet  assembly ^previously 
discussed.    Pressure  gages  discharge  squib  (4),  and  two-way  check 

valves  (5)  have  also  been  discussed.  .When  bottle  pressure  drops  below  225 
psi  or  when  a  bottle  is  discharged,  a  low  pressure'' warning  switch  (6)  on 
each  bottle^  turns  on  a  light  on  the  pilots  instrument  panel. 


iNGlNiS  1  4  2  SYSTiM  SHOWN 
fNGlNfS  3  4  4  SYSTfM  IS 
lOfNTICAL 

I  '/ZAcuIL''^"'*"''*''  ^^''^^  COHTA.NftJ 
IPRCSSURC  OAGfS 

3.0ISCHAtOi  Hf  AO 

4.Dt$CHARGC  SQUll 

S  TWO  WAV  CMiCr  VAlVfS 

*-lOW  msSUtC  WARNING  SWITCH 


^HO.N.  n«  miNGUISHlNG  S.ST.M  COM.ON.NTS  LOCATIONS 


Select  the  following  stateinent(s)  that  is/are  true. 
1.      The  DB  bottles  in  the  system  have  two  discharge  heads. 


3, 
"4. 


The  engine  fire  extinguishing  components  are  in  NO.  2  an'd  NO.  3 
pylons . 

Each  DB  bottle  in  this  system  has  a  low  pressure* warning  switch. 
The  discharge  squib  is  an  explosive  device  like  a  cartridge. 
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3. 


A. 


No.1  PYLON 


>I7  • 

Anuvers  to  Pram^  15:    1.     T     2.  _ 
Frame  16 

Let's  take  a  look  at 
the  components  In  NO*  1 
pylon  and  the  controls  for 
these  components,  J^ote 
that  this  systan  does  not 
have  directional  valyes  as  ^ 
ve  discussed  In  the  typical 
CB  syiten.    The  agent  Is 
directed  by  the  NORMAL  or 
ALTERNATE  d^sclSirge  head  . 
oh  each  bottle. '  Look  at 
agent  #1  bottle  (top 
bottle)  in  the  schematic. 
Note  that  squib  #1  is 
installed  in  the  normal 
discharge  head  on  X\i±3 
bottle.    If  squib  #1  is 
fired,  the  agent  will  go 
out  the  normal  discharge 
head  and  through  the  tubing  ' 
to  engine  NO.  1.    If  ^quib 
#2  in  the  alternate 
discharge  head  of  this 
bottle  is  fired »  the  agent 
iiTlll  go  down  to  the  #2  tee 
check  valve  and  out  to  **the  ^ 
NO.  2  engine.    Note  that 
both  bpttles  are  connected 
with  a  crossover  manifold. 
In  bottle  NO.  2  (agent  #2) 
the  normal  discharge  head 
sends  |he  agent  to  engine 
NO.  2  and  the  alternate 
discharge  head  sends  the 
agent  up  to  the  #1  tee  check 
valve  to  NO.  1  engine.  The 
components  in  NO.  4  pylon 
are  identical  to  these. 

Select  the  following  statement(s)  that  is/are  true. 

 ^'^^  agent  #1^  bottle,  the  normal  discharge  head  sends  agent  to 

NO.  1  engine.  ^ 

In  agedt  #2  bottle,  the  alternate  discharge? head  sends  agent  to 
NO.  ]r  engine. 

A  crossover  manifold  connects  both  DB  bottles. 
Only  one  tee  check  valve  and  one  pressure  switch  is  used. 
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Answers  to  Frame  16:  1. 


3. 


4. 


3c/i 


Frame  17 


Shown  below  is' t^ie  complete  system  f^r  engines  1  and  2.    On  the 
emergency  engine  shutdown  panel,  we  shovf  ENG  NO*  1  and  ENG  NO.  2  agent 
discharge  switches  and  ENG  NO.  1  and  2  bottle  selector  switch*    Note  the 
bottle  , selector, switch  is  :,n  NORM  position.    Assume  the  fire  I9  in  NO.  2 
engine  and  you  4uslt  pushed  the  ENp  NO.  2  agent  discharge  switch  or  button. 
Nov  follow  power  from  the  ENG  NO.  2  isolated  bus  and  mitin  bu%  over  and 
down  to  squib  2  in  the  normal  discharge  head  of  the  agent  #2  bottle.  \Vheil-« 
thir  94uib  fires,  the  agent  is  routed  out  to  NO.  2  engine.    Note  that  the 
squib  receives  power  from  two  different  circuits  for  positive  firing.  The 
reason,  two  circuits  are  provided  for  the  squib  is  to  insyre  its  firing  if 
cue  of  the  two  circuits  were  to  fall.    A  back-up  circuit  is  provided  for 
both  the  normal  and  the  alternate  squib  In  each  agent  bottle.    Locate  the 
pressure  switch  on  each  bottle.    When  pressure  drops  below  225  psi  or  when 
a  bottle  is  discharged,  a  ground  id  jnade  which  lights  the  fire  bottle  #1 
or  fire  bottle  #2  li^ht  on  the  annunciator  jianel  (shown).  ,The  flight 
engineer  checks  the  condition  of  the  bottles' by  t^ese  two  lights. 


 <IMil>g^CT  CNOtMf  SMUtOOWM  fANII 

\iSQ  NO  I  AOiNT  *—  —  —  — —  ^ 

INO  MO, 
It  tllfC 


I  AOiNT  —  —  —  ^ 

fm  ffwTTttmjtMw        I  •••©•Ijo*  iwiTCN  '"O  noj  «  j  I 

,  NOtN._ 


Pill 

lOTTII 

J  Ptit 

lOTTII 

■■ 

itOtATfO  I  C 
•Wt  U  vo  ts 


ANNVnCIATOI  MNtI 


Select  the  following  ai:atement(s)  that  Is/are  true.  ^ 

1.  With  the  bottle  selector  swltcji  in  "normal"  the  normal  sqfibs  will 
fire.  , 

2.  The  alternate  discharge  head  on  $gent  y/2  container  sends  agent  to 
engine  NO.  1. 

3.  Each  squib  has  two  circuits  lor  positive  firing. 

4.  The  pressure  switch  on  each  bottle  Is  connected  to  a  light  on 
the  annunciator  panel. 
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Answers  to  Frame  17: 
Frame  18 


1. 


2. 


3. 


4. 


Now  that  you  are  familiar  with  the  fire  extinguishing  system  and 
components,  let's  discuss  the  engine  emergency  shutdown  o^'  isolatJ.on 
system  for  each  engine-    On  the  engine  fire  emergency  control  panel  shown 
below  we  have  four  fire  emergency  control  handles.    Note  that  each  handle 
is  marked  for  the  ^engine  which  it  controls.    When  a  fire  exists, 'the  pilot 
first  position^  the  bottle  selector  switch  to  normal  or  alternate.    He  then 
pulls  the  fire, handle  for  the  affected  engine  and  depresses  the  agent 
discharge  button  behind  the  handle.    When  a  handle  is  pulled',  it  shuts  %ff 
fuel,  bleed  air  and  hydraulic  fluid  to  that  engine.    Each  handle  is 
connected  by  cable  to  the  fuel  shutoff  valve  for  that  engine.    When  the 
fuel  valve  is  manually  clos^ed,  contacts  are  closed  to  energize  two  relays 
which  shutdown  the  other  sy'^ terns. 


ENGINE  FIRE  EMERGENCY  CONTROL  PANEL 


Select  the  following  !|tat^ent(s)  that  is/are  true. 

_1.      When  a  fire  handle  is  pulled,  that  pa'^ticular  engine  will  shut  down, 

2.      When  the  fire  handle  is  pulled,  the  agent  is  automatically  released. 

^3.      The  fire  handles  are  cable  connected  to  the  er^gine  fuel  shutoff 
valves. 


4. 


The  agent  discharge  swj[.tch  is  uncovered  when  the  fire  handle  is 
pulled. 


^5.      When  a  fire  handle  is  pulled,  fuel,  bleed  air  and  hydraulic  fluid 
is  shut  off. 
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•Answers  to  Frame  18:    1.     T  2. 


r*--  3-. 


.T 


4. 


5. 


Frame  19 


3020 


The  ^1  engine  emergency  shutdown  circuit  is  shown  below.    Notice  when 
the  engine  #1  fire  handle  is  pull^a>y^ergency  shutdown  relays  NO.  1  and 
NO.  2^are  energized.    Relay  NO.  1  completes  a  circuit  to  close  the  bleeo 
air  shutoff  valve  and  also  allows  ^the  fuel  shutoff  actuator  t^^lose* 
Relay  NO.  2  comp  leges  circuits'"  to 'close  the  hydraulic  shutoff  valves  (both 
pressure  and  supply)  and  also  closes  the  zone  2  cooling  ejector  duct  valve. 
When  the  zone  2  cooling  ejector  duQt  valve  closes,  the  pressure  decreases 
on 'a  pressure  switch  which  completei?  a  circuit  to  close  the  zone  2  cooling  - 
e^jector  valve  and  stops  the  flo\^  34  cooling  air.    You  can  now  see  that 
hydraulic  fluid,  bleed  alrp-^^l-^d  cooling  air  are  isolated  fpom  the  engine 
to  prevent  feeding  the  fire  aiia*"Upi Wding  it  to  other  areas. 


tNO  NO  t  tlllO  iH430AM 
A«  SOV 

Engine  Fire  Isolation  Circuit. 


Select  the  following  statement(s)  that  is/^re  true. 

The  fire  Isolation  system  prevents  feeding  fuel,  hydraulic  fluid, 
and  cooling  air  to  an  engine  ^ire. 

When  the  hydraulic  shutoff  valve  (pressure)  closes,  a  light 
illuminates  to  indicate  a  loss  in  pressure • 

The  zone  2  cooling  ejector  duct  valve  will  close  before  the  zone 
2  cooling  ejector  valve  does. 

The  fire  extingiftehing  agent  is  dl3charg;>d  before  the  pilot  pulls 
the  fire  emergency  handle. 
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2. 
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Answets  to  Frame  19: /  I. 


Frame  20 


3. 


A. 


1 

The  engine  fire  Isolation  components  are  located  a3  shown  below  for 
euglnes  1  and  2.    Keep  In  mind  we  have  th^same  fire  extinguishing  and 
Isolation  components  for  engines  3  and  A,     ,    ^  i  . 


1 .  ENGINE  FUEL  SHUTOFF  VALVE 
v2.  W.EED  AIR  SHUTOFF  VALVE 

3.  HYDRAULIC  SUPPLt  SHUTOFF  VALVE 

4.  HYDRAULIC  PRESSURE  SHUTOFJ^  VALVE 


Engine  Fire  Isolation  Components  for-^gltlee  1  and  2 


Circle  fhe  correct  answer^  to  the  following  ques^^ns 
1. 


The,  agent  used  in  the^re  extinguishing  system  shown  above  is 


a. 
a. 


AB. 
MB. 
bo. 
CB. 


2.      In  order  to  discharge  the  agent  to  an  engine^  the  pilot  must  first 

a.  select  the  bottle  to  be  used  and  pull  all  four  fire  handles. 

b.  select  the  bottle  to  be  used  and  pull,  the  fire  handle  for 
I  that  engine. 

c.  dump  all  the  aircr<fft  fuel  -overboard. 

li.      pull  all  four  handles  to  see  if  the  fire  goes  out. 


22 
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Answers  to  Frame  20:    1^    c       2.  b 

Frame  21 

*^ 

Let's  discuss  some  of  t>ie  hazards  and  safety  precautions  that  apply 
•to  working  with  and  handling  liquid  fire  extinguishing  agents.    We  will 
discuss  GB  aar  the  common  agent  but  the  same  conditions  appxy  to  DB  and  BT 
or  atty  other  liquid  ^gent.    CB  is  a  volatile  (evaporates  rapidly)  liquid, 
and  its  vapors  are  toxic.    It  should  be  used  with  adequate  ventilation 
whenever  possible.    Avoid  exposure  to  high  concentrations  of  CB  for 
staggering^  dizziness,  lack  of  coordlnatJ.on,  stupor,  confusion,  headache, 
nausea,  bx  unconsciousness  pay  result.    If  overexposure  is  noted,  l^ye 
the^area  at  once.    If  this  is  Impossible,  use^-art  oxygen  or  air  supplying 
masl^  After  overexposure,  report  t;o  firsf^aid  immediately Personnel 
regu^atly  exposed  to  CB  will  be  giv^n  a  mfedical  examination  at  intervals 
set  up  by  the  base  hospital.  c 

Select  the  following  statement(s)  that  is/are  true. 

 ^*      CB  produces  a  vapor  thrft  is  toxic. 


_2.      Overexposure  to  CB  vapors  can  cause  unconsciousness. 

«3»  '  *  If  you  notice  the  symptoms  of  overeltposure,  you  should  report 
to  first  aid  Immediately. 


4.      Personnel  who  handle  CB  and  are  regularly  exposed  to  the 
vapors  will  have  a  periodic  medical  examination. 

^5.      CB  should  be  used  in  a  vell/vent Hated  area. 


well ^v 
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Answers  to  Frame  21:-  1.    JL   2.    _T_   3.    _T_  ,4.    JL    5.  _T_ 

V 

Frame  22  '  ^  0 

»  i  s 

A  full  face  type  shield  will  be  worn  when  handling  liquid  agents, 
recharging  or  weight  checking  containers.    Neoprene  gloves  and  aprons  will 
also  be  worn.    A  skin  rash  may  result  from  prolonged  or  repeated  contact 
with  CB.    If  CB'is  spilled  on  the  skin,  it  must  be  washed  off  with  soap 
'  and  water.    Contaminated  clothing  must  be  remove^  immediately  and 
thoroughly  dried  prior  to  reuse.    Clean  water  must  always  be  available^ 
in  A  CB  area  for  washing  the  eyes.    Although  liquid  agents  ale  irritating 
to  the  eyes,  no  permanent  injury  will  resOlt  if  the  are* thoroughly  . 

washed  out  immediately  following  the  accident . 

Select  the  following  statementfs)  that  is/are  true. 

1.  An  eye  shield,  neoptene  gloVes  and  apron  will  be  worn  whe^n 
^"""^        recharging  liquid  agent  containers. 

2.  CB  will  be  washed  off  the  skin  with  soap  and  water. 

3.  If  CB  gets  into  the  eyes,  they  will  be  flushed  out  with  clean  water. 

 ^4.      If  CB  is  spilled  on  you.-  clothing,  the  clothing  will  be  removed 

Immediately. 

5;      A  skin  rash  will  result  frpm  prolonged  or  repeated  contact  witb.CR. 

 ^6.      Clean  water  will  always  be  available  in  a  CB  area. 

^  No  special  clothing  is  required  w^en  handling  liquid  agents. 

 ^8.      No  permanent  damage  will  result  if*"  CB  is  washed  out  of  the  eyes 

Immediately. 
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Answers  to  Frame  22:    1.  2.  3,  4.  ^ 

5.  6.    T_       7.    8.  T 

:  >  *  Frame  23 

Besides  producing  tbxlc  vapors,  C6  Is  also  dangerous  In  another  ' 
respect.    Slnc^  it  is  designed  to  exclude  oxygen  from  a  fire,  It  will 
exclude  the  oxygen  from  any  enclosed  area.    This  is  the  treason  for 
haviug  a  well  ventilated  room  when  handling  CB.    If  your  CB  work  area 
becomes  contaminated  with  a  high  concentration  of  CB,  a,  "Bale  Test**  ^ 
will  be  performed  before  reentering  the  area.    This  test  io  performed 
by  the  ba^  medical  office.    For  leak  testing  a  fully  charged  cB  container 
a  "Halide"  leak  detector  iS^used.    This  detector  is  a^ torch  affair  that 
bums  alcohol  and  produces  a  blue  flame.    Wh^  the  detector  tube  is,, 
passed  over  a  'leak. on  a  CB  container,  the  f lathe  turns  green. 

•  f  


Halide  Leak  Detector  To^-ch. 
Select  the  following  statement(s)  that  is/are  true. 

1.  CB  will' be  used  in  a  well  ventilated  area. 

2.  A  Bale  Test  wi     be  performed  in  an  area  contaminated  with  CB. 


_3.      A  high  concentration  of  CB  will  remove  the  oxygen  from  an 
enclosed  area. 

4.      A  Halide  leak  detector  is  used  to  leak  check  a  fully  charged 
CB  container. 

^5.      A  green  flame  from  a  Halide  leak  detector  indicates  a  CB  leak. 

6.  A  high  concentration  of  CB  vapors  in  an  enclosed  area  will  not 
harm  you. 

7.  The  Halid'*  leak  detector  is  a  torch  that  produces  a  blue  flame. 
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Answers  to  Frame  23:    1.  2.  3,  4. 

5.  6.  Jl_ 

France  24 

Another  safety  hazard  you  will  come  in  contact  with  is  the  cartridge 
or  squib  used  to  release  the  agent  from  the  container  or  bottle.  Never 
attempt  to  check  cartridge  continuity  unless  the  cartridge  is  properly 
installed  in  the  discharge  bonnet.    Be  sure  the  bonnet  is  secure  on  the 
bottle,  and  the  bottle  is  bolted  to  the  installation  brackets. 

When  checking  cartiidge  continuity,  use  an  ohmmeter  which  produces 
a  currrent  of  35  mllliampferes  or  less.    A  larger  current  ini^ht  detonate 
the  cartridge.    In  other  ^words,  a  PSM-37  multimeter  might  fire  the 
cartridge.    A  cartridge  or  squib  is  a  highly  sensitive  device.. 


"Cartridge 

b.  Slug 

c.  Positive  terminal 

d.  Washer 

e.  Nut 


f. 

g- 
h. 

i. 


Crimped  shoulder 
Ground  terminal 
Gun  cotton  (explosiv^) 
Fus^jjyir^ 


Cartridge  Assembly. 
Select  the  following  s».ateinent (s)  that  is/are  true. 

^1,  Not  more  than  35  milliamperes  should  be  applied  to  the  cartridge. 
2.      A  PSM-37  is  used  to  check  cartridge  continuity. 


  3.      The  cartridge  or  squib  must  be  in  the  bonnet  when  checking 

continuity, 

 4.      The  cartridge  is  a  highly  sensitive  evice. 


.Ansvers  to  Frame  24:    1.  2, 


3. 


4. 
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FOREHOFD 

This  programmed  text  was  developed  for  use  In  the  3ABRA2331 
Instructional  system.    The  material  contained  herein  was  validated 
with  30  students  from  the  subject  course.    Over  90Z  of  the  students 
achieved  the  objectives  as  stated.    Average  time  for  completion  of 
the  text  was  17  minutes. 

OBJECTIVES 

After  completion  of  this  prograoned  text,  you  will  be  able  to: 

1.  Relate  four  (A)  out  of  five  (5)  components  of  the  fire 
extinguishing  servicing  unit  to  their  purpose.^ 

2.  Select  safety  precautions,  without  error.  Involved  In 
handllng'flvc' extinguishing  ageats. 

INSTRUCTIONS 

This  programmed  text  presents  Information  In  small  steps  called 
"frames."   After  each  frame  you  will  be  required  to  respond  to  questions 
or  statements  as  directed.    Revd  the  Information  presented  and  make  your 
response  before  you  check  the  correct  answer.    If  your  answer  does  not 
agree,  go  over  the  mat ^xi^l  until  you  understand  your  error  before 
proceeding  to  the  next  frame.    When  you  have  finished  the  programmed 
text,  the  Instructor  will  give  you  the  criterion  test. 


Supersedes  3ABR42231-PT-306,  3  November  1970;  3ABRA2331-PT^407, 
29  Aiiluat  1977. 
OPR:    3370  TCHTG 
DISTRIBUTIONS  X 

3370  TCHTO/TTGU-P  -  600;  TTVSA  -  1 
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Frame  1 


In  previous  lessons  vre  discussed  aircraft  liquid  agent  bottles 
or  containers.    W«  s&ld  that  the  bottles  or  cylinders  are  filled  by 
weight  and  contain  pressure.    We  also  mentioned  that  dry  nitrogen 
(N^)  Is  added  to  the  agenC  to  assist  In  expelling  It  from  the  container 
of  low  tanperatures. 

At  various  Intervals  as  prescribed  by  aircraft  inspection  TOs,  these 
bottles  or  cylinders  ere  removed  fvcr^  the  aircraft  and  a  weight  chc^ck 
is  performed,        recharging  is  required,  this  task  will  most  likely  *all 
on  the  Environmental  Systems  Sho^ 

In  this  ,  text  we  will  discuss  the  equipment  used  to  recharge  liquid 
agent  containers. 

Select  the  following  stat«aent(s)  that  is/are  true. 

 1.     Aircraft  fire  bottles  are  filled  by  weight. 


2.  Dxry  nitrogen  is  added  to  all  aircraft  fire  bottles. 

3.  A  weight  check  is  performed  with  the  bottle  Installed  in  the 
aircraft. 

4.  Your  shop  may  be  responsible  for  rechv^ging  aircraft  fire 
bottles. 


3 
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Answers  to  Frame  1:    !•     T        2.     T        3,    A. 

Frame  2 

Shown  below  is  a  typical  recharge  setup  for  recharging  aircraft  CB 
spheres.    The  two  agents  most  widely  used  are  chlorobromomethane  (CB) 
and  ditromodifluoromethane  (DB).    Note  In  the  illustration  that  the  CB 
storage  cylinder  (F),  has  a  syphon  tube  (J)  and  stands  ^i{h  the  valve 
end  up.    The  CB  storage  cylinder  is  pressurised  with  nitrogen  (G) 
which  pushes  the  CB  o\x%  the  syphon  tube  (J)  and  into  the  STihe;e  (L). 

On  the  other  side  of  the  setup,  we  have  the  nitrogen  supply  cylinder 
(N).    Nitrogen  is  drawn  from  the  supply  cylinder,  through  the  pressure 
regulator  (A)  and  through  the  purifier  unit  (B)  to  .the  aircraft  sphere 
(L)  which  is  mounted  on  the  scales  (K),    The  purifier  assembly  is  not  / 
mandatory  item  on  the  liquid  agent  setup. 


ft.  nufpiti  ^ttfMtiY 

C.  MANi?OlO  VAlVt 


i.  SYTHON  TUftf 
If  SCAIC 

u  riM  omHCUiiHfft 
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K  cnSSS  (UQUio  AOfNT)    N.  NmKWx  sumY  CnfNDI«  ^ 
CB  (Chlorobromomethane  Recharge  Setup. 

Select  the  following  statement (s)  that  is/are  true. 
1.      CB  and  DB  are  the  most  common  liquid  agents  used. 
_2.     The  purifier  assembly  is  not  mandators  in  the  CB  setup. 
3.     The  fire  bottle  is  mounted  on  the  scales  during  recharging. 


Answerf  to  Frame  2:    !•  2.  3,  JL 

Frame  3 

Shown  below  Is  the  recharging  setup  for  dlbromodlfluoromethane 
(DB),    Note  the  only  new  component  In  this  setup  Is  the  filter  (F) 
which  Is  the  last  unit  In  the  manifold  before  the  liquid  agent  reaches 
the  fire  bottle.    Also  note  the  DB  cylinder  Is  Inverted. 

In  a  fire  extinguisher  shop  you  will  find  only  one  llc^uld  agent 
recharge  setup.    This  one  setup  Is  used  for  all  liquid  agent  recharging. 
The  only  requirement  In  doing  this  Is  that  the  setup  must  be  purged  vit^ 
compressed  air  when  changing  from  one  agent  to  another » 


DB  (CF2Br2}  Re:harge  ^^tup. 


Select  the  fo3 lowing  statement (s)  that  Is/are  tn^.e. 

1.  The  only  difference  in  the  CB  and  QB  setup  Is  the  agent. 

2.  One  liquid, agent  recharge  setup  can  be  used  to  recharge  all 
liquid  agents.  ^ 

3.  When  changing  from  one  agent  to  another,  the  recharge  setup  must 
be  completely  pcrged. 
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Answers  to  Frame  3:    1.  2.     T        3,  T 

Frame  4  < 

One  type  of  liquid  agent  container  charging  botinet  (adapter)  la 
Illustrated  belov.    The  charging  bonnet       screwed  into  the  thermal 
relief  port  or  safety  outlet  (note  fire  bottle  below).    The  bonnet 
unseats  the  thermal  relief  device  without  actually  removing  It  from 
the  container.    Note  the  bonnet  hab  a  wrenching  head  at  the  top  and 
flute  engaging  pins  on  the  bottou.    lliese  pins,  engage  the  flutes  In  the 
^  thermal  relief  device  (safety  plug)  and  thf^  wrenching  head  Is  turned  to 
back  off  the  safety  plug  and  the  agent  enters  the  container.  The 
chargliig  line  Is  connected  to  the  servicing  po^t* 


WitENCHIKG  HEAD 


nUTE  ENOAOING  ?\H% 


Llfluld  Agent  Charging  Bonnet. 

Select  the  following  statement(s}  that  la/are  true. 

 ^1,     Liquid  containers  are  filled  through  the  tharmal  relief  or 

safety  ^|||^let. 

\Jt.     When  the  charging  bonnet  Is  Installed,  the  wrenching  head  Is 
)        turned  to  unseat  the  safety  plug. 
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Answers  to  Frame  4:    1.     T  2. 


Frame  5 


Once  you  have  recharged  a  CB  or  DB  container,  It  must  be  leak 
tested  before  being  reinstalled  on  the  aircraft.    Special  attention 
should  be  given  to  the  thermal  relief  device  (safety  plug)  vhen  leak 
testing,  as  this  Is  where  a  leak  Is  most  likely  to  occur.    In  general, 
you  can  make  leak  tests  by  timing  pressure  drops  (pressure  gage  on 
container),  soap  and  vaMr  bubble' tests,  or  with  a  hallde  leak  detector 
(shown  below) •    The  13F  series  technical  orders  will  give  specific 
leak  tests  to  be  performed  on  a  partlci^ar  container. 

The  haU.ide  leak  detector  bums  methyl  alcohol  and  the  flame  will, 
change  color  when  the  optn'end  of  its  fli^ible  sniffer  tube  is  held 
closi  to  a  liquid  agent  container  that  haa*a  leakv    The  normal  flame  is 
blye;  a  small  leak  produces  a  green  flame*  and  a  large  leak  changes 
the^color  to  a  bright  blu€< 


m 


Hallde  Leak  Detector  Torch. 

Select  the  following  statement(s)  that  Lsltxt^  true. 
_1.     A  leak  is  most  likely  to  occur  around  the  safety  plug. 
_2.     A  leak  test  can  be  made  by  timing  the  pressure  drop.  '  ^  * 
_3.     The  hallde  leak  detector  burns  methyl  alcohol. 

4.     \n\en  burning,  the  normal  color  of  the  alcohol  flame  Is  red. 


_5.     When  a  leak  Is  detected,  th^  hallde  flame  will  turn  green  or 
a  bright  olue. 
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Answers  to  Frame  5:    1.    ^     2.  3.  4.    5. 

Frame  6 

When  handling  liquid  agents,  such  as  recharging  or  weight  checking 
containers,  A  full  face  type  eye  shield  should  be  worn.    Neoprcne  gloves 
and  apron  should  also  be  worn  when  fconsidered  practicable.    A  skin  rash 
may  result  from  prolonged  or  repeated  contact  with  CB.^  If  CB  is  spilled 
on  the  skin,  it  should  bt^  washed  off  with  soap  and  water.  Contaminated 
clothing  should  be  removed  inmediately  and  thoroughly  dried  prior  to 
reuse.    Clean  water  should  always  be  available  in  a  CB  area  for  washing 
the  eyes.    Although  CB  is  irritating  to  the  eyes,  no  permanent  injury 
should  result  if  the  eyes  are  thoroughly  washed  out  immediately  following 
the .accident. 

Select  the  following  statement(s)  that  is/are  true. 

 ^1*     An  eye  shield,  neoprene  gloves  and  apron  should  be  worn  when 

recharging  a  CB  container. 

 2.      CB  should  be  washed  off  the  skin  with  soap  and  water. 


^3.      If  CB  gets  into  the  eyes,  they  should  be  flushed  out  with 
clean  water. 

_4.      If  CB  is  spilled  on  your  clothing,  they  should  be  remov|Bd 
immediately. 

A  skin  rash  may  result  from  prolonged  or  repeated  contact 
with  CB. 

^6.     Clean  water  shoiild  always  be  mailable  in  a  CB  area. 

J\     Ho  special  clothing  is  required  when  handling  CB. 

_8.     No  permanent  daaiage  should  result  If  CB  Is  washed  out  of  the 
eyes  Imardlately. 


Answers  to  Frame  6:    1.    _T_      2.    _T_        3.    _T_      4.  _T_ 

5.      T        6.      T  7.  8.  T 
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Invlronmntal  Pneudraullc  Branch  3A1R42331-WB-406 
ehanute  APIK  Illinois  6  July  1978 

INSPECTIOH  AMD  OPERATIONAL  CHECK  OF  A  FIR^  EXTINGUIffllNG  SYSTEM 
OBJECTIVES 

1.  Using  a  fire  extinguishing  trainer,  inspection, workcard .and 
maintenance  data  collection  forme,  Inspect  the  fire  extingtiishing  system, 
recordlug  a  minimum  cf  five  (5)  discrepancies  on  appropriate  forms* 

One  Instructor  assist  per  form  is  permissible. 

2.  Using  a  trainer,  do  an  operational  check  of  the  fire 
extinguishing  system,  with  one  inst^ructor  assist. 

EQUIPMEHT  ,  - 

Basis  of  Issue 
Fire  Extinguishing  System  Trainer  3180    1/4  students 

Hote:    The  last  page  of  this  text  contains  an  illustration  of 
the  f:f  re  .extinguishing  trainer  nuaAer  3180.    This  Illustration 
can  be  used  to  locate  any  part  not  identifie^lrti  the  actual 
trainer.    Compare  it  to  the  trainer  as  you  read  through  the 
procedures  the  first  time. 

• 

mSPECTION  PROCEDURES 

1.  Have  the  Instructor  set  up  fire  extinguishing  film  number 
AVA  C-141.  ' 

2.  Using  the  AFTO  Form  26,  provided  by  your  instructor  as  a 
guide.  Inspect  each  item  listed,  record  a  minimum  of  5  discrepancies 
on  the  AFTO  Form  349.    Oiie  instructor  assist  per  form  is  permissible. 

OPERATING  PROCEDURES 

Any  trainer  malfunction  shruld  be  brought  to  the  instructor's 
attention. 

1.  Remove  all  jewelry  before  operating  this  equipment. 

2.  Inspect  the  fire  extinguishing  trainer  for  the  following: 

a.  All  circuit  breakers  are  pushed  in. 

b.  All  fire  handles  are  pushed  in. 

c.  Bottle  selector  switch  for  etfgines  1  and  2  In  NOyi 

(normal) . 

d.  All  trouble  switches  in  the  out  position  (located  on 
back  of  trainer). 


Supjrsedes  3ABR4:231-WB-406,  4  August  1975. 
OPR;    3370  TCHTG 
DIJTRIBOTIOH:  X 

3370  TCHTG/TTGU-P  -  600;    TTVSA  -  1 

>^ 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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3.  Connect  the  trainer  to  ^8V  DC.    The  poirer  cord  Is  colled  up 
behind  the  trainer.    28V  DC  outlets  are  on  the  wall\  ^ 

4.  Place  the  trainer  power  master  switch  "ON."    This  switch  iJ 
located  directly  below  the  box  containing  the  trouble  switches^ 

5.  Now  visually  check  the  following: 

a.  Squib  firing  lights  (RED)  should  be  ^'OFF."  o 

b.  Annunciator  panel  lights  (RED)  for  fire  bottles  Number  1  " 
and  Ruiri>er  2  should  be  "OFF." 

c.  The  BYD  shutoff  yalve  (hydraulic)  should  be  "OPEN"  (aodier  . 
Indicating  Ught  "OFF*')  •  #      ^  ^ 

d.  The  Wn>  supply  shutoff  valve  «'aould  be  "OPEN." 

e.  The  ejector  valve  should  be  '^OPEET*  (aabex  Indicating  \±ght 
"(^*).    The  pressure  cwltch  holds  the  ejector  valve  open.  ^ 

f  •     The  bleed  air  shutoff  valve  should  be  "0PE1|[.'* 

g.  The  Mnual  fuel  shutoff  valve  should  be  "OPEN."  On 
the  trainer  this  valve  Is  connected  by  cMble  to  the  Nuaber  1  (only) 
engine  emergency  fire  handle.    In  the  aircraft  each  fire  handle  Is 
connected  by  cable  to  a  Banual  fuel  valve  for  that  ^engine. 

h.  The  ejector  duct  valve  actuator  (cooling  air)  should 
be  '*0P^  or  extended.    This  actuator  will  open  or  close  a  snail  door 
on  the  engine  cowling  for  cooling- purposes. 

1.     The  fuel  shutoff  valve  actuator  should  be  extended 
^ralve  not  shown  on  trainer). 

^       J.     Qnly  th#  tii9>  way  check  vjdvee  are  shown  since  tubing  is 
not  used  on  the  trainer.    H(»rMlly~  theae  two  check  valves  are  In  the 
■anlfold  tubing  connecting  the  two  fire  bottles «    The  spring  loaded 
'^flappers"  la  the  ch^k  valves  position  *ln  reepbnse  to  the  direction  of 
agent  flow. 

k.     The  wiring  for  the  system  Is  routed  through  the  two 
laergeney  shutdown  relays  on  the  lower  right'  comer  of  the  trainer. 

6.  To  energise  the  engine  cnergency  shutdown  system,  ''pull"  the 

tig4r^m  Wi^^  1   firm  ^ff^^-im.  ^  ^ 

a.  Check  that  all  valves  "close." 

b.  Ejector  valve  aaeber  light  should  go  "off"  (Indicator  valve 
osed^and  pressure  dropped). 

c.  BID  shutoff  valve  amber  light  should  come  "CM"  (Indicating 
Ive  has  closed). 
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d.  W«  now  have  fuel,  hydraulic  fluid,  bleed  air,  and  cooling 
air  ahift  off  fron  the  Nuaber  1  en>Uae.'  * 

7.  To  mcrglst  tht  f  1m  extinguishing 'sys tern,  press  the  "push  to 
discharge"  button  vhleh  wee  uncovered  when  Number  1  handle  wee  pulled. 

e.  Vlth  the  bottle  selector  svltch  in  "NORM/'  the  circuit 
will  fire  the  '^OBM*'  squib  In  fire  bottlt  Number  1  (check  the  red  squib 
firing  llghtg)e 

b.     The  flro  bottle  Number  1  red  light  on  the  ennuncietor  penel 
should  come  'W  (these  two  lights  ere  connected  to  the  pressure  svltch  In 
the  fire  bottles;  a  pressure  drop  to  225  pel  or  belov  vUl  tum*oh  these 
lights  e)    The  pilot  nov  knoirs  that  the  agent  In  fire  bottle  Nuad)er  1  has 
been  sent  to  engine  Number  1. 

8.  If  for  some  reason  one  bottle  did  not^tlngulsh  the  fire  In 
engine  Number  1»  the  bottle  selector  switch  would  be  positioned  to  ''ALT" 
(flip  this  iw^^tch  down).    Now  press  the  '^press  to  discharge"  button  for 
engine  Number  1  again. 

.  a.  The  circuit  will  now  fire  the  "alternate"  squib  In  fire 
bottle  Number  2  (check  squib  firing  lights).  The  agent  In  this  bottle 
will  also  go  to  engine  Nuafcer  1. 

be     The  fire  bottle  Nuaber  2  red  light  on  the  annunciator  panel 
should  come  "ON."    (Drop  in  pressure  to  225  psl  or  lower  turns  on" 
this  light.) 


c.     If  this  firing  sequence  Is  no^ clear,  use  the  wiring 
diagram  on  the  trainer  end  trace  the  circuit  out  with  a  grease  pencil. 
(Hiring  diagrams  are  in  the  upper  right  hand  comer  of  the  tralnir.) 


9.     To  reset  the  trainer  for  another  operation: 

a.  Place  the  bottle  aelector  switch  beck  to  "NORN." 

b.  Push  fire  handle  Number  1  back  In. 

c.  Clieck  chat  all  valvea  return  to  the  "OPEN"  poaltlon. 

d.  TtM  ejector  valve  ari>«r  light  should  be  "ON"  and-tha  HID 
ahutoff  valve  aid>er  light  "orr." 

e.  Place  the  traiiner  power  aaatef  airltch  "OFF"  and  then  "ON" 
again  to  reaet  the  aqulb  firing  and  annunciator  panel  llghta.    (On  the 
aircraft  eheae  bottlaa  sua t  be  recharged  to  turn  "OFF"  the  annunciator 
llghta.) 

10.     For  thla  check,  asauaa  the  fire  la  in  the  Huabcr  2  engine. 

a.  Pull  the  fire  handle  for  engine  Number  2.    Oieck  that  all 
valves  close. 

b.  Press  the  "push  to  ilscharga"  button  behind  the  Nwber  2 

handle. 
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c.  with  th«  bottU  ««l«ctor  switch  In  "NOBM,"  the  circuit  wlU 
nov  £lr«.  th«  "WBH"  tqulb  In  £lr«  bottle  Hua*er  2.    (Check  equib  firing 
lights.) 

d.  The  fire  bottle  Nunber  2  light  on  the  ennuncietor  panel 
should  COM  "OH." 


11.  If  this  did  not  extinguish  the  fire,  bottle  Number  1  can  be  used, 
e.     Position  the  bottle  selector  switch  to  "ALT." 

b.  Pvess  the  "push  to  discharge"  button  again. 

c.  The  circuit  wUl  now  fire  the  "alternate"  squib  in  fire 
bottle  Nuaber  1  end  send  the  egent  to  engine  Nuiiier  2.    XCheck  the  squib 
firing  lights.) 

d.  The  fire  bottle  Kueber  1  light  on  the  aanuncUtor  panel 
will  now  ccBe  "ON." 

•e  Check  the  wiring  diegraa  <m  the  treinev  to  see  how  thie 
happens.. 

/• 

12.  Shut'  the  tcel^ier  down  ea  follows: 

a.  Pnah  engine  Hupiber  2  fire  handle  in.  ^  ^ 
be  Poaition  the  bottle  aelector  ewltch  beck  to  "MOBM." 

c.  PUce  the  trainer  power  aaster  ■rlteh  "OFF." 

d.  Rawve  the  trainer  power  cord  tfm  the  28V  DC  outlet  and 
position  it  behind  the  trelner. 

13.  AdditAonal  Inforaatlon: 

e.  The  coaplete  operational  chackout  oequenee  for  ^he  fire 
extinguishing  syataa.  is  outlined  in  1C-14:a-2~7.  NoriMUy,  the  connector 
plugs  are  rssasrad  fron  the  squtba  arid  a  test  set  is  used  to  check  the 
electrical  circuit. 

b.  The  only  Indicating  lights  found  on  the  eireraft  fire 
extlngulahiag  vftm  are  the  fire  bottla  llghta  on  the  annunciator 
panel.   The  squib  firing  and  Valve  operation  lights  ai'e  on  the  trainer 
only.    This  coivletes  the  operetional  chakk  of  the  fire  extinguishing 
synteai.   Chett  with  your  instructor  before  contlnuln'i. 
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/    Environments!  Pneudr^ulica  branch  3^BR42331-WB-'40f A 

L   Chanute  AFP,  Tllinoi^  14  July  19 '8 

TROUBLESHOOTINU  FIHE  EXTINGUISHING 
AND  ENGINE  ISOLATION  SYSTEMS 

OBJECnVES 

After  covpleting  this  workbooks  you  will  be  able  to: 

1.      Use  a  fire  extinguishing  trainer  and  imiltimeter  to  trouble- 
shoot  the  systeoi  for  nuxf unctions,  locate  g  four  (4)  of  six  (6)  causi^s 
correctly. 

EQUIPMENT 

Basis  of  Issue  ' 
Trainer  nuaber  3180  1/4  students 

MulUaeter  1/2  students 

INPDRKATION  ^ 

By  Aov  you  should  have  inspected  and  operaced  the  fire 
ei^^ingulshing  trainer.    You  should  have  a  good  idea  of  how  the 
system  operates.    In  this  project,  you  will  troubleshoct  the  system 
by  locating  defects  that  are  put  in  t>ie  systcn  by  trouble  rwjTtches. 
These  defects  will  be  open  or  shorted  .lres«    Troubles  ar 
placed  In  the  units;    Mote' that  tast  J&cks  have  been  put  1*  ^zh 
circuit  on  the  trainer.    With  test  jacks  there  is  no  need  to  take 
off  the  All  connector  plugs  to  check  a  circuit. 

When  you  check  the  various  circuits,  use     grease  pencil  to 
traco  the  circuit  on  the  plastic  covered  wiring  diagrav^  The 
diafrait  ^s  on  the  trainer.    This  will  keep  you  from  checking  th*» 
ssM  circuit  r^ice. 


Sr-ersede?  3ABR42331-WB-406A,  3  September  1975, 
OPR:    3370  TCHTG 
DISTKIBUTION:  X 

3370TCHTG/TTGU-P  -  500;  TTVSA  -  1 

Designed  for  ATC  Course  Use>    Do  Not  Use  on  the  Job 
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PlU)CBDU1l£S 

1.  Set  up  Che  trsiner  for  nornal  operation  (power  switch  ON 
and  aaaCer  swlCch  ON) . 

2.  rind  t*-ouble  twitch  nuidter  3.    The  trouble  awltches  are 
on  the  right  aide  of  the  trainer.  f 

3.  Place  thla  trouble  twitch  to  the  IN  pc  Ition. 

4.  Look  at  Table  1  and  read  the  discrepancy 

,  ^  V 

Trouble 

Svltch  Dltcrepancy 

• 

3  Tt&  tqulh  firing  light  fdr  circuit  V  does  not  com  ON, 
vhen  th«  bottle  selector  switch  It  In  '"NORK^Vend  engine 
fx  cliecharge  !>utton  ik  pushed, 

4  Altemete  circuit  "A"  engine  #1  will  not  fire. 

7  Ho  response  from  the  electrical  circuit  when  engine  #1 
fire  handle  is  pulled. 

8  *'  The  .hydraulic  supply  shutof  f  valve  will  not  OPEN  when 

engine  #1  fire  handle  is  pushed. 

9  The  ejector  duct  valve  will  not  CLOSE  when  engine  #1 
fire  handle  is  pulled. 

11  The  bleed  air  shutoff  valve  will  not  CLOSE  when  the  engine 
#1  handle  is  pulled.  The  shutoff  valve  vill  not  OPEN  when 
the  engine  #1  handle  is  pushed. 


Table  1.  Troubleshooting. 

WABNIHG:    Vhen  a  fire  f xtlngulshlng  system  needs 
maintenance »  be  sure  tnat  the  AN  connector  plugs  , 
are  off  the  firing  squibs  before  a  multimeter 
is  used.    The  batt;^ry  in  the  meter  has  the  current 
that  would  fire  a  squib.    When  a  squib  needs  to  be 
checked,  use  a  meter  than  CANNOT  give  more  than 
35  mllllamperes  of  currew  :.    This  type  of  meter  will 
be  taught  in  the  next  text.    Be  sure  to  check  the 
technical  order  for  the  aircraft  on  which  you  are 
working. 

5.  Pull  the  nufld>er  1  fire  handll. 

6.  Press  the  push  to  discharge  button  (locAted  under  the 
fire  handle)  for  the  number  1  engine. 

7.  Watch  the  squib  firing  lights. 

2 
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8.      Slnca  th%  circuit  **A'*  squib  firing  light  DID  NOT  com  OH, 
chsck  th%  tralQsr  wiring  diagram  for  tMt  points. 


9.     Chsck  ths  circuit  with  the  nultfjaster* 

NOTE:  Yca  can  troublashoot  t  a  trainer  with  powar  ON  or  OFF. 
Hika  aura  you  hava  tha  matar  sat  correctly  whan  making  either 
a  powar  ON  or  a  powar  OFF  check* 

10.  After  tha  circuit  la  chacked,  you  ahould  have  found  that 
wire  nuiri>er  1W2B18  was  OPEN.    This  wire  is  between  the  number  1 
engine  discharge  button  and  the  bottle  selector  switch. 

11.  Mark  the  wiring  diagram  to  show  tha  problem.  Use  an  **X" 
and  the  trouble  switch  number. 

12.  Place  trouble  switch  number  3  to  the  OUT  position. 

13.  Work  tha  naxt  five  <5)  problems  listed  in  Table  1  by 
following  steps  1  through  12. 

14.  Hava  tha  Instructor  check  your  answers  before  you  start 
the  next  project. 
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EnvlroiiMital  Pomidrrallcs  Brmi^ch 
Chanuta  AFB,  Illinois 


3ABR42331-WB-406B 
•  14  July  1978 


BENCH  CHECK  FIRE  EXTINGUISHING  COMPONENTS 

0BJBCTIV2S 

Aft«r  co«pl«ting  this  liorkbook,  you  will  bt  able  to: 

1,     Using  squibs  cootalnar  provided  and  Igniter  circuit  tester, 
bench  ch«  ^  two  (2)  oqulbs  for  proper  resistance  value,  while  observing 
all  safety  precautions  pertaining  to  explosive  squibs.    One  (1)  Instructc 
assist  peralsslble, 

EQUIPMENT 

Basis  of  Issue 
Igniter  Clntclt  Tester,  1/student 

Type  101-5BP 
Agmt  Container  1/student 
Squib  1/student 

INFORMAtlON 

In  this  project,  vcu  will  bench  check  a  fire  extinguishing 
bottle  squib  to  find  c.k  if  It  is  good.    Use  the  figure  on  the  last 
page  of  this  book  ikimn  sfesklng  this  check.    The  diagraa  wlir  help  you 
to  find  sons  of  the  coB|;onents  that  are  not  lab^ed  on  the  tester. 
Read  all  of  the  st^ps  one  time,  then  start  the  test. 

Caution:    The  sq»iib  mwt  alMtys  be  placed  in  the  agent  con- 
tainer when  «  continuity  check  is  made.    If  the  meter  should 
detonate  the  squib,  the  rcntainer  would  discharge  the  liquid 
agent . 

PROCEDURE 

1.     Check  che  a^dAtion  of  the  squib  tester  before  you  use 

it. 

a.      First,       sure  that  the  SHORTING  BAR  is  put  between 
the  binding  posts,  located  at  th%.  top  of  the  tester. 

Caution:  Never  press  the  OPERATING  KEY  when  the  shorting  bar 
ig  not  in  place,  or  when  the  SPRING  CLIP  L^-ADS  are  not  hooked 
to  the  squib.    This  could  daoMge  parts  in  the  tester. 


Supersedes  3ABR42231-VB-406B,  10  September  1975. 
0W>:    3370  TCHTG 
DISTRIiiUTIOH:  X 

3370TCHTG/TTCU-P  -  600;  TTVSA  -  1 

Desijned  for  ATC  Course  Use*    Do  Not  Use  on  the  Job> 
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b.     Set  the  OHMS  DIGITAL  DIAL  to  read  all  zeros  by 
turning  the  DIGITAL  DIAL  KHOB  couttterclocfcwlse  (CCW) .  ^ 

c>      Set  the  OHMS  ADD  SELECTOR  SWITCH  to  zero, 

d.     Preee  the  operating  key  and  watch  the  pointei^  on  the 
neter.    If  the  pointer  doee  not  wove,  the  tester  circuit  la  good.  If 
the  pointer  moves,  there  Is  an  open  in  the  tester  circuit.  Check 
with  your  Inat^ructor  if  the  pointer  moves* 

2.     Using  the  Squib  tester. 

a.  Keinove  the  shorting  bar  from  between  the  two  binding 

posts. 

b.  The  resistance  value  will  \ery  with  different  squibs. 
The  resistance  value  and  tolerance  of  the  squibs  you  will  test  are 
2.30  t  0.50  ohms.    Set  a  resistance  value  of  2.30  ohms  in  the 

ohms  digital  dial  by  turning  the  digital  dial  knob  clockwise  (CW). 

c.  Hook  the  spring  clip  leads  to  the  AM  connector  plug 
located  on  the  top  of  the  tester. 

d.  Hook  a  spring  clip  lead  to  one  of  the  olns  of  the  AN 
connector  ot|  the  squib  under  test.    Hook  the  other  lead  to  th^  ground 
terminal  of  the  squib. 

Mote:  Sinew  you  will  check  both  the  A  and  B  circuits  in  each  \ 
squib,  it  is  not  too  Important  whether  A  or  B  is  checked  first.  J 

e.  Press  the  operating  key  and  watch  the  meter  pointer. 
If  the  pointer  moves »  increase  or  decrease  the  ohms  value  you  had 
set  in  the  ohms  digital  dial.    Keep  adjusting  until  the  meter  pointer 
is  centered  on  the  red  line  of  the  meter  scale. 

i  ft     With  the  operating  key  pressed,  read  the  ohms  digital 
dial.    The  reading  should  be  2.30  ±  0.50  ohms.    If  this  is  the 
reading,  the  squib  is  good.    If  the  reading  is  not  in  tolerance, 
the  squib  Is  bad. 

g.  If  the  circuit  proves  to  b^  good,  remove  the  spring 
clip  lead  from  the  pin  and  connect  it  to  the  other  pin  to  check 
that  circuit.  * 

h.  Do  steps  d,  e  and  f . 

1.     Let  the  Instructor  know  the  condition  of  the  squib 
you  are  testing  (good  ot  bad).  \ 

EXAMPLE 

Your  instructor  g«v«  you  a  squib  that  has  a  resistance  value 
and  tolerance  of  2.30  +  0.50  ohms.    Hook  one  lead  to  a  pin  of  the 
squib  and  the  other  lead  to  i.he  f  'ound  connection.    Set  the  ohns  J 
sdd  selector  switch  to  zero  (0).    -Then,  set  2.30  +  0.50  ohms  in 
the  digital  dial  and  press  the  operating  key.    If  you  can  center 
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the  mtmr  pointer  (red  line)  by  adding  or  subtracting  not  more  than 
0.50  ohn«B,  the  squib  is  good.    Co  the  above  steps  with  the  other 
circuit. 

Note:    The  ohos  add  selector  switch  settings  are  in  ten  ohm 
increnents.    If  the  squib  resistance  is  between  0  and  10  ohms, 
use  the  zero  (0)  setting  of  the  switch.    If  Che  resistance 
is  betyeen  10  and  20  ohna,  set  the  switch  on  10.    If  the 
resistance  la  over  20  otens,  set  the  switch  on  20. 

3.  Securing  the  squib  tester. 

Remove  the  test  leads  from  the  squib  and  tester  and  store  thorn 
m  the  top  of  the  tester  cover.    Replace  the. shorting  bar  between  the 
binding  posts  and  set  the  OHKS  DIGITAL  DIAL  to  read  all  zeroes. 

4.  Squib  disposal.    If  the  teat  shows  the  squib  to  be  bad, 
the  squib  must  be  removed  and  replaced.    The  old  squib  Is  not  thrown 
into  a  traah  can.    Every  Air  Force  base  has  explosive  material 
disposal  procedure?  that  must  be  followed. 


v.. 

^       •  3 


SniNG  CU^  LCADS 


IGNITER  CIRCUIT  TESTER 
MODEL  101— 56F 


OHMS  DIGfTAl  DIAL  • 
DIGITAl  DIAl  KNOt 


OPCRATtNO  KEY 


OHMS  ADO 
SflCCTOt  SWITCH- 


J 


T04MIU 


ERIC 


i3l 


PROGRAMMED  TEXT 
3ABR42331-PT-407 


9 

Technical  Training 
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LIQUID  COOLANT  SYSTEMS 
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3370  Technical  Training  Group 
Chanute  Air  Force  i^ase^  Illinois 


Designed  for  ATC  Course  Use 


Do  Not  Use  on  the  Job. 


FOREUOBD 


This  progranmed  text  was  prepared  for  use  in  the  3ABR42331  Aircraft 
Envlronnental  Systems  Mechaalc  Course.    The  materials  contained  herein 
were  validated  vlth  students  from  the  subject  course.    At  least  90Z  of 
the  students  taking  this  text  achieved  or  surpassed  the  criteria  established 
in  the  lesson  ubjectlvet    The  average  tine  for  completion  of  this  tejct'vas 
2  hours. 


This  programmed  text  presents  material  In  small  steps  called  ^'frames*" 
After  each  frame  you  are  asked  to  select  the  :^tatement(8)  that  are  true, 
match  items,  or  complete  statements.    Read  the  material  in  each  frame  before 
making  your  response.    The  answers  to  each  frame  can  be  found  at  the  top 
of  the  next  f*8s.    If  you  select  the  correct  answers,  continue  to  the  next 
frame     I^.  you  are  wrong  or  in  dcnibt,  read  the  material  again  and  correct 
yourself  before  continuing. 


Relate  eight  (8)  of 
its  operation. 
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,  Frame  1 

In  older  aircraft,  radajr  cooling  was  accdspllahed  by  a  fan  mounted 
to  the  radar  unit.    When  the  unit  was  opeiatlng  the  fan  would  blow  air 
acrofis  it.    This  was  found  to  be  a  very  poor  way  to  cool  a  unit  that  cost 
as  much  as  the  radar  unit  does.    The  pilot  could  not  tell  If  the  .fan  was 
nmnlng  or  not.    A  lot  of  radar  units  fadLled  because  the  fan  was  not 
operating  and  the  pilot  continued  to  operate  the  radar  unit.    In  the  new 
aircraft  a  new  type  of , cooling  syfttea  has  been  made  for  the  radar  unit. 
It  is  called  the  Liquid  Coolant  System.    Ve  will  refer  to  this  as  the 
LCS  jthroughout  this  FT.    The  LCS  cycles  i  liquid  fluid  through  the  radar 
unit.    As  the  fluid  flow  through  the  radar  unit  it  picks  up  heat.  The 
fluid  then  flows  through  a  he;.t  exchanger  whc  re  the  heat  1^  removed  by 
cold  air  flowing  across  the  fluid.    After  the  heat  axchaAger  the  fluid 
is  routed  back  to  the  radar  unit  and  continues  to  cycle  in  this  manner. 
The  LCS  operates  any  time  the  radar  tmit  Is  operating.    Now  we  know  wh^t 
the  LCS  is  used  for,  let  us  take  a  look  at  the  con^onents  and  operation  of 
the  system. 

Refer  to  figure  A  and  locate  each  of  the  components  listed  below. 
Place  the  circled  nuniber  of  tlie  uxiit%in  the  blank  space  alongside  the 
unit  name. 


a.  ^..^  Low  pressure  switch 

b.  Filter 

c.  •  Bleed /overboard  expansion  relief  valve 
dk  Pump 

e.  Solenoid  shutoff  valve 

f •    Modulating  valve 

g.  Delta  system  bypass  valve 

h/  Reservoir 

^  Thermal  pilot  valve 

j.  Temperature  sensor 

k.  Heat  exchanger 
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Aamrers  to  FroM  1:    a.    8^,         10,     c,  U,         2^    -e.  f«  3, 

8*    1»     h.    1 ,     i.    5 ,     j .   I»  i 

i.         *  *       Praa«  2 

The    Bstrvoir  i«  uflad  ro  stort  tht  liquid.    The  rtstrvoir  holds  100* 
cubic  incbM  (CI)  of  fluid  and  has  a  varning  lj.|^t  that  %rill  cone  on  whan 
20  CI  or  «ora  of  tha  flui4      loat.    Tha  raaarvolr  la  aada  up  of  thraa 
nain  parta  vhich  wJXythm  boualng,  (2)  ^ha  raaarvolv  piaton»  and  (3) 
tha  fill/rafiH|»otantioMtar.    Tha  houains  atoraa  tha  liquid.  Tha 
raaarvoir  piaton  iiill  kaap  a  conatant  praaaura  of  liquid  auppliad  to  tha 
puap.    Thla  la  dona  by  tha  praaaura  of  tha  liquid  froa  tha  pump  that  la 
appliad  to  tha  back  of  tha  raaarvoir  piaton#    This  praaaura  vlll  allow 
ot&j  tha  aaadad  liquid  to  ba  auppliad  to  tha  aystaa.    Tha  ,fill/raf ill 
potantioaatar  ia  connactad  to  tha  raaarvoir  piston.    Whan  tha  ayatam  haa 
loat  20  CI  or  nora  of  liquid  tha  piaton  la  mqyad  to  tha  right  vhich  will 
wa  tha  vipar  of  tha  potantionatar  and  turn  on  a  warning  light  in  tha 
cockpit.    Thia  talla  tha  pilot  that  tha  LCS  ia  low  on  coolant. 

Chack  tha  following  atateaanta  that  are  true. 

1.    Tha  warning  li^t  will  cone  on  in  the  cockpit  when  10  or  mora 
cubic  inches  of  fluid  ia  loat. 

  2.    Tha  raaarvoir  holda  100  cubic  inches  of  coolant. 

  3.    Th«  warning  light  In  th.  cockpit  tells  the  pilot  when  the  pressure 

in  the  reservoir. is  low. 
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Aamtmru  to  Fraae  2t 


1.        /  2. 


Ttam  3  . 

Th«  puflqp  Is  tht  q|xt  lt«a  In  the  LCS.  The  pump  is  a  three  phase, 
AC  motor  vhlch  operates  all  the  time  the  radar  unit  Is  on.  It  keeps  a 
constant  pressure  and  flow  through  the  LCS  any  Hme  the  system  Is  operating. 

The  heat  exchanger  jLs  the  next  Item.    ThlS^s  where  the  heat  is  removed 
from  toe  liquid  coolant.    The  LCS,  heat  exchanger  Is  placed  In  the  Avionics 
Cooling  ^r  ducting.    The  cooling  air  going  to  the  A>4onics  Equipment  ie 
What  cools  the  liquid  in  the  LCS.    The  cooling  air  floi^s^cross  the  heat 
exchanger  and  LCS  is  routed  throui^  the  heat  exchanger.    6ke!e  .the  cooling 
air  removes  the  Jheat  from  the  liquid  it  continues  to  the  Avionics  equipment. 

small  amount  of  heat  that  is  picked  up  from  the  LCS  will  not  affect  the 
effectiveness  of  the  Avionics  cooling  system.    If  the  temperature  of  the 
liquid  coolant  is  too  cold,  the  coclsnt  can  bypass  the  heat  exchanger.  How 
the  system  bypasses  the  heat  exchanger  will  be  explained  In  the  next  frame. 

Check  the  following  statements  that  are  true. 

 1.    Ram  air  flowing  across  the  LCS  heat  e^^anger  cools  the  liquid 

coolsnt • 

  2.    The  LCS  pump  is  a  3  phase,  AC  motor,  which  operates  any  time  the 

radar  unit  is  on. 

3.    The  purpose  of  the  pump  Is  to  keep  a  constant  pressure  and  flow 

through  the  LCS. 


Answers  to  Froas  3:   1.        /     2.  3. 


Frame  4 

During  noraal  systets  operation  (see  figure  B)  fluid  flows  from  the 
heat  exchanger  to  the  pilot  valve.    The  pressure  and  temperature  of  the 
fluid  enterlag  the  pilot  valve  positions  the  valve.    When  both  the  pressure 
and  temperature  are  normal »  the  bellows  of  the  pilot  Is  expanded  which 
forcee  the  valve  dosed.    With  the  pilot  valve  closed^  pressure  is  trapped 
on  the  back  side  of  the  modulating  /iilve.    When  pressure  on  the  Inlet  sld^ 
of  the  modulating  valve  Is  the  sspe  as  tne  pressure  on  the  back  side,  the 
valve  will  clotfe*    This  Is  due  to  a  spring  Installed  In  the  back  side  of 
the  modulating  valve.    It  takes  both  the  spring  tension  and  the  trapped 
pressure  to  close  the  valve*    This  allows  the  fluid  to  flow  from  the  heat 
exchanger  through  the  pilot  yalve  and  on  to  the  radar  unit* 

Match  the  Items  In  Column  B  co  tWe  stat«uent 
TOflAOAR  UNIT 


nohmal  SYfTiM  Fuow  Jfrom 

ThC  AT 
eXCHANO£N 


Match  the  Items  In  Column  B  to  the  statement  In  Column  A* 


Coli^an  A 

1.  Fluid  flows  from  heat  exchanger  to 

pilot  valve. 


Pressure  and  temperature  entering 
this  valve  positions  it* 


3. 


It  takes  fluid  pressure  and  spring 
tension  to  close  this  valve* 


Column  B 

a*      Modulating  valve 

b*     Normal  system 
operation 

c*      Pilot  valve 

d*      Spring  tension 


Ansvers  to  Frame  4: 


b 


2. 


3. 


a 


Frama  S 


Whan  tha  temparatura  ^nd  prassura  of  the  system  decreases  the  modulating 
valva  opana  allowing  tha  fluid  to  flow  from  the  pump  through  the  modulating 
plloC  valva  on  to  tha  radar  unit.    (See  figure  €•) 


As  the  temperature  and  pressure  of  the  fluid  entering  the  pilot  valve 
decraaaea,  the  bellows  in  the  pilot  valve  contracta  (opens).    This  pulls 
the  valva  off  its  seatt  allowing  the  trapped  piressure  between  the  modulating 
valve  and  the  pilot  valva  to  bleed  off.    The  pr enure  on  the  inlet  aide  of 
the  modulating  valva  is  higher  thMi  the  back  side  pressure.    This  inlet 
preaaure  can  override  the  spring    a  the  modulating  valve  and  force  the 
valva  off  it3  aaat.    This  aJlows    na  fluid  to  flow  from  the  purnf^^  through 
the  modulating  and  pilot  valves',  to  the  radar  unit,  completely  bypassing 
the  heat  exchanger • 

Check  the  following  atatemants  that  are  true, 

  1,    If  the  temperature  and  pressure  of  the  liquid  increased,  the  bellows 

in  the  pilot  valve  will  expand  and  close  the  valve, 

  2,    Clcaing  the  pilot  valve  will  trap  pressure  on  the  back  side  of  the 

modulating  valve, 

  3     With  the  modulating  valve  open  the  fluid  must  flow  through  the 

heat  exchanger. 


TO  RAOM  UNIT 


f^^Ef^  HEAT 
EXCHANGER 


FROM  PUMP 


wrryu  heat  exchanoer 


ERLC 


8 


An8v«rs  to  Fr 


/  1. 


/  2. 


3. 


Prume  6 


Match  the  component  in  Colunoi  B  to  the  stateaient  that  be^t  describes 
it  ixK  Col^  A* 


Colman  A 


Keeps  a  constant  pressure  of 
llqiild  flowing  from  the 
resexVolr  to  the  pump.' 


2,  !bist  be  closed  by  fluid 
pressure  and  spring  tension 
to  direct  the  fluid  through 
the  heat  exchanger. 

3.  3  phase  AC  motor  operated  to 
provide  a  constant  pressure 
and  flow  through  the  LCS. 


a. 

b. 
c. 
d. 
e. 
f . 


4.  Moved  by  the  reservoir  piston 
to  Indicate  a  loss  of  20  CI  or 
more  of  fluid  from  the  reservoir. 

5.  Has  i  bellows  that  reacts  to 
perature  and  pressure  cJianges  and 

open  the  modulating  valve  to 
bypass  the  heat  exchanger. 


Column  B 

Modulating  valve 
.  Pump 

Reservoir  piston 
Pilot  valve 

Fill/refill  potentiometer 
Solenoid  shutoff  valve 
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Amiwera  to  Frame  6:    c^l.  b^3.      e^^A*     d>  5> 

Fra^a  7 

The  LCS  has  a  two  position  master  switch  (normal  and  test) •    In  the 
nonal  position »  the  solenoid  shutoff  valve  Is  deenerglzed  and  opened. 
With  the  pilot  valve  also  open,  the  pressure  that  Is  trapped  between  the 
pilot  valve  and  the  back  side  of  the  modulating  v^lve  will  flow  through 
Ihe  solenoid  valve  back  to  the  pump  return  llne«    This  means  that  the 
pilot  and  modulating  valves  are  controlling  the  flow  of  coolant  that  goes 
through  or  bypasses  t  le  heat  exchanger.    The  test  position  of  the  LCS  switch 
Is  to  let  you  perform  an  operational  and  leak  check  of  the  LCS  on  the  ground. 
With  the  switch  In  the  ^est  position,  the  solenoid  shutoff  valve  Is  euerglzed 
closed.    With  the  pilot  valve  open  and  the  solenoid  valve  closed,  pressure 
Is  trapped  on  the  b^ck  side  of  the  modulatltt^valve .    This  keeps  both  the 
Inlet  and  back  side  pressure  equal,  which  keeplB  the  modulating  valve  closed 
at  all  ti!)aes.    So  no  matter  what  the^  temperature  of  the  coolant  Is,  It  has 
to  go  through  the  heat  exchanger  and  cannot  In  any  way  bypass  It.  The 
maximum  time  you  can  run  the  LCS  In  test  position  Is  6.5  minutes. 

Check  the  following  statements  that  are  true. 

 1.    The  test  position  ^f  the  LCS  master  switch  Is  used  to  operational 

,and  leak  check  the  system  on  the  ground. 

  2,    The  solenoid  shutoff  valve  is  energized  closed. 

3.    When  the  LCS  master  switch  Is  In  the  test  position,  the  pilot 
and  modulating  valves  are  always  closed. 

  4.    When  the  LCS  master  switch  is  in  the  normal  position,  the  flow 

of  the  liquid  coolant  in  controlled  by  the  pilot  and  modulatine 
valves • 

 5.    The  maximum  time  the  LCS  can  be  operated  in  the  test  position 

is  6.5  minutes. 


/ 


Aniw^rs  to  Fraae  7:       /     1,        /     2.   3.   _/  4.       /  5. 

Frame  8 

Th«  ovcrteBperatuxe  ••nsor  (7)  is  installed  in  the  LCS  between  the 
thenal  pilot  vaiye  and  the  low  pressure  svitch.    When  the  air  flowing 
across  the  LCS  hekt  exchange  is  not  cold  enough  to  remove  the  heat  fron 
the  coolant  flowing  through  the  heat  exchanger*  the  overtenperature  Censor 
cosipletes  a  circuit  to  the  overtenperature  warning  light  In  the  cockpit\ 
If  the  warning  light  coaes  on*  you  have  a  aalfunction  in  the  cooling  air 
systea.    The  purpose  of  the  sensor  is  to  tell  the  pilot  if  the  liquid 
cpplant  is  too  hot  to  cool  the  radar  unit.    If  the  overteiqierature  warning 
li^t  coaes  on*  the  pilot  oust  turn  the  radar  unit  off.    With  the  radar 
unit  off*  the  pilot  aust  return  to  his  base. 

Check  the  following  stateaents  that  ar%.  true. 

 1.    The  overt^japerature  eensor  is  located  between  the  pump  and  filter. 

-    2.    If  the  overt eaperature  warning  light  comeb  on,  it  tells  the  pilot 
he  has  a  aalftmction  in  the  aodulatlng  va|.ve. 

'  3.    When  the  overtwnperature  warning  light  is  on,  the  pilot  could 
operate  the  radar  unit  for  6.S  seconds. 

4.    The  pilot  aust  turn  the  radar  unit  off  and  return  to  his  base 
if  the  radar  unit  cannot  be  cooled. 
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Answers  to  Fraae  8: 


Frant  9 


1. 


3. 


"Tie  low  pressure  switch  In  the  LCS  Is  used  to  Indicate  If  the  liquid 
level  is  too  low  to  cool  the  radar  unltf*  When  you  have  no  pressure  or  low 
pressure,  the  low  pressure  switch  is  collapsed  which  makes  an  electrical 
circuit  that  will  turn  on  the  low  pressure  warning  light  in  the  cockpit. 
(See  figure  D.) 


TOIlAOMUNir 


/ 


TO  U0WPIICS8UKC 

mmim  umr 


LOWPflESSURE 

swrrcH 

^  DELTA  SYSTEW 
VALVE 


'**TDPUMP 


^FRQM  PILOT  VALVE 


TORACARUNfT 

/ Tp  LOW  PRESSURE  ^RNINGUGHT 


LOW  PRESSURE 
SWITCH 


OELTA  SYSTEM 
^^^^  BYPASS  VALVE 

r6  PUMP 


FROM  PILOT  VALVE 


Figure  D.    Low  System  Pressure 


Figure  £•    Nonoal  System  Pressure 


When  the  system  is  operating  at  normal  system  pressure,  fluid  enters 
an  opening  in  the  bottom  of  the  low  pressure  switch,  pushing  the  top  of  the 
switch  up* breaking  the  circuit  to  the  warning  light  in  the  cockpit,  (See 
figure  E.) 

Conplete  each  of  the  following  statements:  ^ 
1.      If  the  LCS  is  in  the  off  position,  the  warning  light  will 


2,      If  the  LCS  is  in  the  on  position,  the  warning  light  will 
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Anmrers  to  Frue  9:    !•  stay  on     2.  go  off 


Frame  10 


Now  that  you  know  What  happens  when  you  do  not  have  enough  pressure 
in  the  aystea,  let's  see  what  happens  when  you  have  too  much  pressure. 
The  system  bypass  valve  Is  spring-loaded  to  the  closed  position.  The 
coolant  flows  from  the  pilot* valve  toward  the  radar  unit.    If  the  pressure 
la  normal,  fluid  will  flow  to  the  ball  of  the  bypass  valve  but  the  spring 
will  hold  the  valve  cloaed  which  lees  all  the  fluid  In  the'mystem  flow  to 
the  radar  unit*    (See  figure  F.) 


LjMPMSSURC 
SWITCH 


3 DELTA  SYSTEM 
8ALL  ^^^^/^ BYPASS  VAU/E 

TO  PUMP 


PROM  PILOT  VAU/E 


Tt> 


JAOAR 


UNIT 


LOW  PRESSURE 
SWITCH 


SYSTEM 
BYn^SS  VALVE 


PROM  PILOT  VAU/E 


Figure  F*    Normal  Pressure 


Figure  G.    Excessive  or  High  Pressure 


If  the  pressure  Is  too  hlgh»  the  pressure  of  the  fluid  pushes  against 
the  ball  of  the  bypass  valve*    (See  figure  G.)    As  the  pressure  builds  up. 
It  overrides  the  spring  tension  of  the  bypass  valve  which  forces  the  ball 
off  its  seat*    This  lets  the  high  pressure  bypass  the  radar  unit  and  return 
t^e  fluid  to  the  line  going  to  the  pump* 

Check  the  following  statements  that  are  true* 

  1*    The  system  bypass  valve  Is  sprang  loaded  to  the  closed  position* 

2*    Th^  bypass  valve  protects  the  system  from  high  pressure. 


3*    The  fluid  that  flows  through  the  bypass  valve  is  routed  back  to 
the  puBDtp^  bypassing  the  radar  unit. 
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Anwars  to  Fraae  10:      /     1.        /     2.   3. 

Fr«M  11 

Aft«r  th«  coolant  Imvm  tha  radar  unlt^  It  oust  Ilov  through  soma 
typa  of  aaaaably  to  daan  tha  fluid.    This  is  callad  a  filter  and  It  is 
uaad  to  r«K>va  dirt,  ate,  froa  tha  fluid.    Tha  filtar  ia  made  of  a  wire 
saah  alasanty  bouaad  in  an  aluainua  bowl.    There  are  two  ways  to  tell 
you  that  tha  filtar  ia  dirty.    One  way  ia  a  laachanical  pop-up  indicator 
on  tha  filtar  houaing.    When  tha  filtar  la  dirty,  tha  praaaura  increases 
until  it  forcea  tha  ?cp-up  ind'^cator  out.    At  the  same  time,  this  pressure 
ia  applied  to  the  filtar  praaaura  avitch  vhlch  completea  the  circuit  to 
the  vaming  light  in  tha  cockpit. 

The  pilot  oust  turn  the  radar  unit  off  once  the  vaming  light  has 
COM  on  becauae  there  ia  no  coolant  flowing  to  the  radar  unit.    You  must 
remove  and  replace  the  filter  eleaent  before  the  pop-up  indicator  or  the 
vaming  light  can  be  reaet. 

Match  tha  conponent  in  Corumn  B  to  the  statement  in  Column  A  that 
heat  deacribea  ita  uae. 


Column  A 

Column  E 

1.    Complete  an  electrical  circuit 

a. 

Pop-up  button 

to  a  vaming  light  to  tell  the 

pilot  the  filter  is  dirty. 

b. 

Wire  maah 

2.    Uaed  to  remove  dirt  from  fluid 

c. 

Praasure  switch 

aa  it  leavea  the  radar  unit. 

d. 

Aluminum  bowl 

3.    Mechanical  device  that  tells 
toe  filter  is  dirty. 
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AnBVMs  to  Traam  11:        1,     b>  2,  3, 

Frame  12 

Thm  bleed/overboard  expansion  relief  valve  Is  located  just  off  che 
reservoir.    This  valve  has  two  functclons.    The  first  one  Is  to  allow  you 
to  bleed  aix  out  of  the  LCS  and  drain  the  LCS  completely.    The  bleed  Is 
a  manual  opened  or  closed  valve.    Turn  the  handle  clockwise  to  close  the 
valve  and  counterclockwise  to  open  It.    If  air  is  \cz;apped  In  the  system^ 
It  has  to  be  removed.    This  is  becatise  air  will  not  conduct  the  heat  as 
the  coolant  will.    If  the  coolant  gets  dirty  and  you  need  to  change  It 
you  need  a  place  to  drain  it.    The  coolant  is  just  like  the  oil  in  a 
car  engine.    It  has  to  be  drained  and  new  coolant  installed  at  regular 
Intervals  in  order  to  protect  the  system.    The  second  function  of  the 
valve  is  expansion  relief.    This  portion^  of  the  valve  will  protect  the 
reservoir  from  hig|&  pressure.    It  conslfts  of  a  ball  and  spring.  During 
normal  system  operatiouy  pressure  is  applied  to  the  ball  of  the  valve 
but  cannot  offseat  it  because  of  the  spring  tension.    When  the  pressure 
increases*  it  overrides  the  spring  tension  forcing  the  ball  off  seat  and 
vents  the  high  pressure  overboard.    This  way  the  high  pressure  will  be 
vented  overboard  and  not  damage  the  reservoir. 

Complete  each  of  the  following  statements. 

1.  The  manual  bleed  handle  must  be  turned  _  to  open  the 
bleed  valve. 

2.  The  bleed  portion  of  the  bleed/overboard  expansion  relief  valve  is 

used  to  bleed   out  of  the  system  and        ^  tho 

system  completely < 

3.  The  expansion  relief  portion  of  the  valve  is  made  up  of  a  ^  

and  . 

4.  To  force  the  expansion  relief  valve  open,  the  coolant  pressure  oust 
Increase  and  override  the  _#  • 
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Ansmrt  to  Frama  12:    1.  counf  rdockiflaa     2.  air  drain 

3.  ball  spring     4.  spring  tanalon 

Fraaa  13 

Refer  to  figure  A  on  page  4.    Place  the  nuniber  of  the  component  from 
figure  A  in  the' blank  space  alongside  the  statement  that  best  describes 
Its  function  or  operation  In  the  Liquid  Cooling > System. 

1.    The  temperature  and  pressure  of  the  liquid  entering  this  valve 
will  determine  ^at  route  the  liquid  will  take. 

 2.    When  this  valve  la  open,  the  liquid  bypasses  the  heat  exchanger. 

  3.    Picks  up  a  high  temperature  Indicator  and  turns  on  a  warning 

light  in  the  cockpit  to  let  the  pilot  know  about  the  condition. 

4.    Starts  the  flow  of  liquid  through  the  system  when  the  radar 
unit  is  turned  on. 

^  5.    Indicates  that  the  liquid  level  is  too  low  to  cool  the  radar 

unit. 

6.    Protects  the  reservoir  from  excess  pressure. 

^^^^^^  7.    Used  to  remove  dirt,  etc.,  from  the  liquid  as  it  leaves  the 
radar  unit. 

^^^^^  8.    A  spring  loaded  bypass  valve  that  will  relieve  excess  system 
pressure « 

9.    Contains  a  mantially  operated  valve  that  can  be  used  to  bleed 
air.  Out  of  the  system  and  drain  the  liquid  from  the  system. 

10,    A  solenoid  valve  that  allows  for  an  operational  and  leak  check 
of  the  Liquid  Cooling  System  while  the  aircraft  is  on  the  ground. 

Answers  to  Frame  13; 

If  you  have  missed  any  of  the  items,  review  the  frame  given  for 


Itcn. 

1. 

5 

Iraatfi  4 

2. 

3 

FzaiM  5 

3. 

T 

Frame  8 

4. 

2 

Fraoe  3 

5. 

8 

FrasMi  9 

6. 
7. 

FrasM  12 
trm»  11 

8. 

^  9 

Fraae  10 

9. 

Frame  12 
Frame  7 

10. 

448 


16 


PROGRAMED  Tm^ 

3ABRA2331-H-  ao7a 


Tachnlcal  Trtlnlng 


Aircraft  BaviroicMntal  Systcna  Mechani 


LIQUID  CYCLE  REmGERAIION  SYSTEM 


31  Octobar  1977 


3350  TECHNICAL  TRAINING  WING 
3370  T«ch&lc«l  Training  6r>up 
Chanuta  Air  Forca  Baaa,  Illinois 


DESIGNED  FOR  AIC  COURSE  USE 
 UU  NUT  USE  UM  THE  JUU  


ERIC 


443 


^  ')■■■ 

^   '  FOREWORD 

^  This  prograiMd,  tMt  ynM  pMpartd  for  u«t  In  tht  3ABR42331, 

Aircraft  BttirlronMata).  SytttM  Mtehanl^  Courtt.  mattrlals 
eontAinad  hartln         v&lldaud  ^nth  ttudsnts  fr<m  th4  subject 
coutM.    At  l«Mt  90X  of  thft  ttudmtt  taking  this  taxt  achlavtd 
or  0^rpM••o  th«  ttltatla  •»t«bUth«d  In  th«  iMton  objaetlvi. 
TlM  Gvaragt  tlM  for  eonplttlon  of  this  taxt  vm  tvo  hours 
30  alnutM.  ' 

OBJECTIVES 

Relate  tight  (8)  of  tan  (10)  coii^onants  of  a  , liquid  coolant 
and  liquid- cycla  rafrlgaratlon  070 tarn  to  Its  operation. 

mSTWICTIONS  '  b 

This  prograanad  taxt  la  dlvldad  Into  small  sac t Ions  callad 
fraaas.    Each  fraas  contains  Information  that  you  ara  raqulrsd 
to  kncfi^  In  ordar  to  satisfactorily  complata  tha  abova  lis  tad 
objactiva.    At  tha  and  of  aaeh  frana  thara  will  ba  a  form  of 
quastlonlng  to  ifhlch  you  vlll  ba  raqulrad  to  raspond  In  soma 
mannar.    Tha  corract  answar(s)  id.ll  ba  found  at  tha  and  of  tha 
following  frsM.    Dua  to  tha  langth  of  this  progranmad  taxt>  ba 
^artaln  you  ^mdarstand  aach  frama  bafora  procaadlng  to  tha  next* 

Procaad  to  TtSSlTx 


OPR:  3370TTG 
DISTRIBUTION:  X 

3370TTGTC  -  250;  TTVSR  -  1 
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Frame  1 

/  Tho  tent  air  conditioning  rmimB  "controlling  the  temperature, 

circulation,  humidity,  and  partt?  of  the  alr^"   A  syeten  which  does 
only  one  or  two  of  theae ^{unctlona  li  not  conaldered  to  be  a  true 
air  condltloher*    The  Air  Force  equipment  Which  you  maintain  will 
do  one,  tvo  or.poaalbly  three  of  theae  functions;   Due  to  popular 
usage,  theae  cooling  units  are  all  referred  to  as  "air  conditioners," 

On  the  next  page  you  will  find  a  glossary  of  terms  and  definitions 
us^d  throughout  the  text. 
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GLOSSARY 

AMBIKHT  AIR;    Th«  air  surrounding  an  objact. 

ATMOSPHKMC  P1U58SUM5:    Prtiturt  at  sta  Itwl.    It  It  nxpreated  In 
14.696  pounds  p%t  tq^itrt  Inch  tbtolutt  prtttur«, 

BOILPIG  POIMT:    Th#  tempsrtturt  at  whl«h  m  liquid  vapori«tt  upon 
-  '  addition  of  haat.    Tha  boiling  point  wi.  11  dapand  upon  tha 

praaaura  axartad  upon  |:ha  aurfaca  of  th  liquid. 

f 

BTU  (BRITISH  THEKMAL  UNIT) ;    Tha  amount  of  haat  raqulrad  to  raiaa 
tha  tamparatura  of  ona  pound  of  wat  r  ona  dagraa  Fahranhait. 

BT-PASS ;    A  connaction  around  a  coll  for  tha  purpoaa  of  raducing 
tha  capacity  of  tha  coil. 

BY-PASS,  HOT  GAS;    A  connaction  from  tha  diacharga  aida,  diractly 
to  tha  auction  aida  of  a  compfaasor.    Somatimaa  uaad  a«  a 
maana  of  capacity  control. 

CAPACITY:    It  ia  tha  rafrigarating  affact  producad  and  ganarally 
maaaurad  in  BTUa  or  tona  par  hour. 

CAPILLARY  TUBE*    A  tuba  having  a  vary  small  intamal  and  axtamal 
diaaatar.    Thay  ara  uaad  to  connact  tha  tharmal  bulb  to  tha 
uppar  diaphra^a  chambar  of  an  axpanaion  valva  and  ramota 
tamparatura  controllara. 

CHASv^  OF  STATE;    A  changa  in  tha  phyaical  charactariatlc  of  a 
aubatanca.    For  axaapla,  tha  changa  from  a  liquid  to  a  gas. 

COHDKUSE;    To  changa  atata  from  a  gaa  to  a  liquid. 

CONPEHSER;    An  arrangamant  of  pipaa  or  tubing  in  which  tha  vaporized 
.rafrigarant  U  liquifiad  by  tha  ramoval  of  haat. 

COHPgCTIOH;    Haat  tranafar  by  contact  of  two  subatancaa. 

CONVECTION;    Haat  tranafar  by  movamant  of  fluid  or  air. 

CRITIC/ft  TEMPERATURE:    Tamparatura  of  a  gaa  abova  which  it  cannot 
ba  liquifiad  by  praaaura  alona,  ragardlaaa  of  tha  amount 
appliad. 

CUT-IN  POINT;    Tha  tamparatura  or  praaaura  at  vfeich  a  controllar 
will  functlim  to  atart  tha  aquipmant  controllad. 

CUT-CTTT  POINT;    Tha  tamparatura  ov  praaaura  at  which  a  controllar 
will  function  to  atop  tha  aquipmant  controllad. 

CYCLE:    Complata  couraa  of  oparation  of  rafrigarant  back  to  a 

atartlil  point,  also  uaad  in  ganaral  for  any  rapaated  procaaa 
of  a  ayatam. 

DUMP  VALVE:    A  valva  uaad  for  controlling  air  flow. 

ERIC 


DRIER:    A  dtvlca  containing  a  dealccant  for  the  purpose  of  removing 
aoieture  from  e  refrigerant. 

DISCHARGE  PRKSSURg  (HICT  SIDE  PRESSURE) ;    Operating  pressure  measured 
at  the  outlet  of  tha  compreaaor. 

EQOALIZER,  B3CTEBNAL!    A  tube  connecting  the  chamber  under  the 
diaphragm  of  the  thermostatic  expansion  valve  to  the  outlet 
of  the  avaporator.    fillalnata  the  effect  of  pressure  drop 
thro\igh  the  evaporator  on  superheat  response. 

EQUALIZER,  DITERKAL:    The  port  connecting  the  chamber  under  the 
diaphragm  of  the  thermostatic  expansion  valve  to  the  suction 
sid^  of  the  valve  passage. 

EVAPORATION:    The  process  of  converting  liquid  to  ^  ^as. 

EVAPORATOR:  Any  device  in  vhich  a  refrigerant  is  evaporated  for 
the  purpose  of  extracting  heat  from  the  surrounding  medium. 

E3CPAHSI0H  VALVE;    A  device  designed  to  meter  the  flcv  of  liqnid 
^lifrigerant  to  an  evaporator. 

PLASH  GAS.    Gas  generated  whenever  pressure  Is  reduced  on  a  liquid 
held  at  boiling  temperature. 

PLOODBACK;    A  carry-over  of  liqiild  refrigerant  from  the  evaporator 
to  the  Suction  line. 

PDSIBLB  PLOG;    A  safety  device  havlr  ,  an  insert  of  low  melting  alloy. 
At  excessive  temperature        ^1  l%»y  will  melt,  and  release  the 
refrlgersnt. 

HEAT  KXCHAMGER;    Any  device  which  removes  heat  from  one  fluid  and 
adda  it  to  another. 

HEAT>  LAIEMT:    Heat  added  or  removed  which  cannot  be  measured  by  a 
change  in  temperature  but  causes  a  change  in  state. 

H13MIDITY,  RELATIVE:  The  amount  of  moisture  in  the  air  stated  in 
terms  of  percentage  of  total  saturation  at  the  existing  dry 
bulb  temperature. 

LINE,  DISCHARGH;    Refrigerant  piping  or  tubing  between  the  compressor 
and  wJndenser.  « 

Lllf ,  LIQUID:  Refrigerant  piping  or  tubing  between  the  receiver 
and  expansion  valve. 

LOAD,  HEAT:    The  amoun  t  of  heat  per  unit  time  imposed  on  a  refrigerant 
system  or  the  required  rate  of  heat  removed. 


LOW  SIDE  (SUCTION  SIDE);    Parts  of  a  refrigerant  system  in  which 

the  re^igerant  pressure  corresponds  to  the  evaporator  pressure. 


OIL  PRESSURE  FAILURE  SWITCH:    A  device  which  acts  to  shut  off  a 
comjrressor  when  oil  pressure  falls  below  a  predetermined 
point. 

PRESSURE;    The  force  exerted  upon  a  liquid  or  gas  in  a  confined 
area. 

PRESSURE  DROP;    The  loss  of  pressure  due  to  friction. 

PUKPDOWN;    The  reduction  of  pressure  within  a  system. 

PURGE:    The  discharge  of  impurities,  noncondensibles*  or  gases,  or 
ttH  overcharge  of  refrigerant  into  the  atmosphere. 

RECEIVER:    A  device  for  storing  liquid  refrigerant. 

REFRIGERATION  7'STEM:    A  system  in  which  a  refrigerant  is  circulated 
for  the  pui'rpose  of  extracting  heat. 

SENSIBLE  HEAT:    He&t  added  or  removed  which  can  be  measured  '^y  a 
change  in  temp^^^ature . 

SIGHT  GLASS:    A  gls«  /thstalled  in  the  liquid  li  e  permitting  -/isual 
inspection  of  the  liqui'  refrigerant. 

SUB COOLING:    The  cooling  of  a  liquid  below  its  condensing  temperature. 

SUCTION  LINE:    Tubing  or  piping  which  connects  the  evaporator  to  the 
corner  ressor. 

SUPER  HEAT:    Temperature  atdded^to  a  substance  above  its  boiling  point. 

TEMPERATURE,  AMBIENT:    The  temperature  of  surrounding  air. 

TON  CF  REFRIGERATION:    A  unit  of  refrigeration  capacity.    Equal  to 
12,000  BTUs  pHV  hour  or  288,000  BTUs  p^^r  2A  hours. 

USEFUL  OIL  PRESSURE:    The  difference  in  pressure  between  suction 
pressure  and  compressor  oil  pressure. 

VACUUM:    A  reduction  in  pressure  below  atmospheric  pressure. 

VAPOR:    A  fluid  in  the  gaseous  state  following  evaporation. 


VALVE    PURGE:    A  valve  through  which  noncondensible  gases  or  an 
over-charge  of  refrigerant  may  be  purged  from  a  condenser  or 
receiver. 
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Frame  2 

To  put  it  in  simple  language,  refrigeration  and  air  conditioning 
are  waya  through  vhieh  temneraturee  are  reduced.    Whatever  the  sub- 
stance—solid,  liquid,  or  gas— the  process  used  to  reduce  its 
temperature  is  called  refrigeration.    In  other  words,  it  nay  be  said 
that  refrigeration  is  a  way  of  removing  heat  from  a  substance  when 
this  heat  is  not  wanted;  then  transferring  it  to  another  subctance 
where  it  is  not  objectionable.    For  example,  if  the  air  of  a  room  is 
too  warm  and  some  of  the  heat  can  be  removed  and  transferred  to 
f mother  t\ace,  the  way  it  is  done  would  be  called  refrigeration  or 
air  conditioning. 

Complete  the  statements  in  column  A  by  placing  the  letter  from 
column  B  in  the  space  provided. 

Column  A 


1.  Refrigeration  or  air  con- 
ditioning is  the  process 
of 

2.  The  change  in  temperature 
by  removing  the  heat  is 
called 

3.  The  result  of  air  condi- 
tioning or  refrigeration 
is 


Column  B 

a.  a  reduced  temperature. 

b.  addi'.ng  heat. 

c.  refrigeration  ^r 
air  conditioning. 

d.  removing  and  transferring 
heat. 


Answer  to  Frame  1:    No  Response  Required. 


FruM  3 

Th«  iM  that  controls  the  traaifer  of  heat  points  out  that  heat 
can      moved  from  a  hot  sxibstance  to  a  cool  substance  until  both 
are  th#  sme  temperature >    Then  there  will  be  no  transfer  of  heat. 
The  ratiKjit  which  heat  will  move  from  one  substance  to  another 
will  rest  on  the  temperature  difference  of  the  two  substances. 
The  geater  the  temperature  difference,  the  faster  the  rate  of  heat 
transfer.    As  the  temperature  difference  becomes  less,  the  rate  of 
transfer  will  decrease  and  will  stop  whan  there  is  no  temperature 
difference* 

Heat  can  be  transferred  by  any  one  of  three  methods:  conduction, 
convection,  pr  radi:^,cion.    These  methods  and  their  principles  will 
be  gone  over  in  the  frsmes  that  follow* 

Answer  the  questions  in  column  A  by  placing  the  letter  from 
colvnn  >mr"the  ipace  provided* 

Col\^  A  Column  B 

 1,    Which  of  the  temperature  a.     +32*F  and  +60*F 

groups  has  the  most  rapid 

rate  of  heat  transfer?  b.     0*F  and  0*F 

 2.     Which  one  cf  the  tempera-        c.     -32*F  and  +32*F 

ture  groups  has  the  slowest 

rate  of  heat  transfer?  d*     +1000*F  and  +950*F 

 3.     Which  two  temperature  groups    e*     +68*F  and  +68*F 

has  no  heat  trauffer? 

~  f.     +30*F  and  4^2*F 


Answers  to  Frame  2:       d    1*       c    2.       ^  3. 


frtmt  4 


WhM  h«At  is  tr«umltt«d  from  mm  part  of  m  solid  substancs  to 
another  part  of  tha  sana  substaaca  (saa  lUuatratlon  balov) ,  or  In 
dlract  contact  from  ona  solid  substanca  to  anothar  solid  L'^bstanca, 
it  is  rafarrad  to  as  haat  transfer  by  conduction > 


Placa  a  T  (trua)  or  P  (falsa)  in  front  of  tha  statamants  balow, 

1.  Whan  ona  and  of  an  iron  bar  is  heated  and  the  opposite  end 
becomes  vam>  the  transfer  of  heat  is  due  to  conduction. 

2.  Warm  air  from  a  furnace  heat  duct  is  referred  to  as  heat 

transfer  by  conduction. 

3.  Heat  felt  over  gloving  charcoal  in  a  barbecue  grill  is 
referred  to  as  heat  transfer  by  conduction. 

When  a  solid  substsnca  that  has  been  heated  comes  into 
direct  contact  with  a  cool  solid  object,  and  the  cool 
object  then  becomes  varm»  tha  transfer  is  by  conduction. 


Answers  to  Frame  3:    _c_l.       a    2.  b4_e3. 


coo  MOT  SOS 

tmomm  Nsr 
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FraM  5 

On«  of  tht  atthods  of  heat  transfer  that  moat  of  us  are  familiar 
with  la  called  convection,    Th'.a  refe^  to  any  heat  transferred  by 
oeana  of  the  movement  of  gas  or  liquids.    When  air  ^i  mixture  of 
gases)  is  heated,  It  expands  and  becomes  lighter,  which  will  cause 
It  to  rise.    As  the  air  becomes'  cold  and  heavy,  it  flows  back  to 
the  source  of  heat  where  It  is  again  heated.    Thus,  a  circulation 
of  air  is  »et  *2p  that  will  continue  as  long  as  heat  is  provided. 
Look  at  the  sketch  below* 


Place  a  T  (true)  or  F  (false)  in  front  of  the  appropriate 
statements  below. 


t  felt  in  water  coming  from  a  hot  water  faucet  is 
heat  transfer  by  convection. 

Heat  felt  over  glowing  charcoal  in  a  barbecue  grill  is 
referred  to  as  heat  trans*     by  convection. 

Warm  air  coming  from  a  furnace  heat  duct  1^  referred  to 
as  heat  transfer  by  connection. 

Heat  transfer  through  a  solid  is  referred  to  as  convection. 


Answers  to  Frajsie  A: 


T  1, 


F  2. 


F  3. 


10 


Frame  6 


Th«  other  mod%  of  heat  transfer  If  referred  to  an  radlatioa.  This 
meane  that  the  heat  Is  ttoved  by  reya  aa  ahovn  In  the  following  sketch. 
In  this  case»  a  person's  hand  fec^ls  warm,  though  It  Is  quite  a 
distance  fron  the  soutm  of  heat.    The  rays  pass  through  the  air  and 
heat  the  hand  sore  than  the  air  between  the  hand  and  heater.  A 
good  exaaple  of  radiation  is  the  rays  from  the  sun  heating  our 
earth. 


Place  a  T  (tnie)  or  F  (false)  In  fvoht  of  the  statement  below. 

1,  Transferring  heat  by  means  of  warm  air  Is  a  form  of 
radiation. 

2.  The  movement  of  heat  through  a  solid  Is  a  form  uf 
radiation. 

^3.     Heat  felt  in  water  coming  from  a  hot  water  faucet  is  heat 
transfer  by  convection. 

4.     Heat  felt  over  glowing  charcoal  in  a  barbecue  grill  is  heat 
transfer  by  radiation. 


Answers  to  Frame  5:       T    1.       F   2.       T    3.       F  4. 
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Fraae  7 

Heat  Intensity,  or  how  warm  a  substance  Is,  will  be  checked 
through  the  use  of  a  thermometer,  and  the  unit  of  measurement  Is 
called  the  degree.    A  change  In  temperature  can  be  found  by  the 
thermometer,  and  alsc  can  be  sensed  by  touch. 

Sensible  heat  is  referred  to  as  heat  that  will  cause  a  tempera-* 
ture  change  and  can  be  checked  with  a  thermometer.    For  example,  an 
Iron  rod  that  Is  heated  to  72^F  then  cooled  to  40*"?  will  show 
sensible  heat  loss  of  32""  OZ""?  minus  40*F  equals  >2''F  difference). 

Another  form  of  sensible  heat  Is  super  heat.    This  Is  known  as 
heat  added  to  a  substance  that  is  in  its  gaseous  state.    For  example, 
water  will  change  to  steam  at  212*F  at  sea  l^vel  pressure,  snd  the 
steam  can  then  be  heated  to  250*F  or  higher.    The  sensible  heat 
temperature  difference  between  250*F  and  212*F  is  38*F  in  the  form 
of  super  heat  gained  while  the  water  is  a  vapor.    Super  heat  is 
extremely  important  in  controlling  the  conditioned  air  temperature* 

Complete  the  statements  in  column  A  by  placing  a  letter  from 
column  B  in  the  space  provided.    NOTE:    More  than  one  response  may 
be  used  per  statement. 


3. 


4. 


Column  A 

Changing  the  temperature  a. 
of  a  substance  is  caused  by 
adding  b . 

Degrees — the  unit  of  measure-  c. 
ment  for 

d. 

6. 


The  thermometer  will 
measure 

Sensible  heat  added  to  a 
substance  will  cause 


f. 

g* 
h. 


Column  B 

latent  heat. 

sensible  heat. 

specific  heat. 

super  heat. 

an  increase  in 
latent  heat. 

a  change  of  state. 

a  temperature  change. 

heat  intensity. 


Answers  to  Frame  6 : 


F  1. 


F  2. 


T  3. 


T  4. 


Frame  8 


Temperature  le  defined  aa  heat  Intensity,  or,  the  heat  level 
of  a  aubatance.    Heat  Intenalty  la  espreaaed  In  degrees  and 
meaaured  with  a  thetmoiaeter.    The  Fahrenheit  acale  la  used  In 
thla  country  to  neaaure  refrigeration  temperaturea,  ao  all  measure- 
aanta  will  be  expressed  In  degrees  Fahrenheit. 

The  term  uaed  to  express  heat  quantity  (amount)  la  the  Brltlah 
Thermal  Onlt  (BTU).    Specifically »  a  single  BTU  Is  the  amount  of  heat 
required  to  raise  one  pound  of  water  one  degree  Fahrenheit.    Two  BTUs 
added  to  a  pound  of  water  will  cauae  an  )4icreaae  of  2*F.    The  BTU  la 
uaed  to  expreaa  the  mount  of  heat  an  air  conditioner  is  capable  of 
remcvlng.    A  12,000  BTU  air  condlticner  la  capable  of  removing 
12,000  BTUa  in  one  hour. 

Place  a  T  (true)  or  F  (felae)  in  front  of  the  atatemonta  below, 

 ^1.     Temperature  la  a  meaaure  of  heat  Int^  alty. 

 ^2.     Heat  intenalty  la  expressed  i^  degrees. 

 3.     Heat  quantity  la  expressed  in  BTUs. 

 ^4.     A  BTU  is  the  amount  of  heaic  required  to  raise  the  temperature 

^  of  one  pound  of  water  one  degree  Fahrenheit. 

/    Complete  the  statements  in  column  A  by  placing  the  letter  from 
column  B  ^n  the  apace  provided. 


Column  A 

Column  B 

5. 

Hoat  intensity  la  another 

a. 

super  heat. 

name  for 

b. 

degrees . 

6. 

Heat  Intenalty  is  expressed 

in 

c. 

temperature . 

7. 

The  British  Thermal  Unit 

d. 

sensible  heat. 

(BTU)  la  uaed  to  express 

a. 

heat  quantity. 

Indicate  the  true  statementa  by  placing  a  checkmark  in  the 
spec  rovlded. 

 ^8.     Two  BTUs  will  raise  2  pounds  of  water  1  degree. 

 ^S.     It  vould  require  6  BTUa  to  raise  3  pounds  of  water  9*"?. 

 ^10.     Five  BTUa  will  raise  1  pound  of  water  5*F. 


Anawera  to  Frame  7:       b    1.     b,d  2.    b,g.d3.       g  4, 
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Water  will  boil  mt  212*F  at  sea  level  presaure.    To  bring  water 
to  its  boiling  point,  heat  nuat  be  applied  to  raise  its  temp<»rature. 
The  water  temperature  will  raiae  until  it  reaches  212^F.    When  water 
boils,  it  gives  off  a  water  vap^r  in  the  form  of  a team.  (Boiling 
water  is  water  that  undergoea  a  change  of  atate  from  a  liquid  to  a 
gaa.)    After  reaching  ita  boiling  point,  the  temperature  of  the  water 
will  not  increase,  and  cannot  be  aeaaured  as  a  change  in  temperature 
even  though  the  heat  is  still  applied.    It  will  stay  at  212''?  until 
all  of  the  water  is  changed  to  ateam*    Thia  hidden  heat  io  called 
LATEST  HEAT,  and  this  term  refera  to  heat  gained  or  lost  by  a 
substance  when  it  has  a  change  of  state  (from  solid  to  liquid,  liquid 
to  gaa,  gaa  to  liqnid,  or  liquid  to  solid). 

Complete  the  str.teaents  in  column  A  by  placing  the  letter  from 
column  B  in  the  apace  provided.    Some  responses  will  be  used  more 
than  once. 


Column  A 

Column  B 

1. 

When  changing  from  a  liquid 

a. 

sensible  heat. 

to  a  gas,  a  substance  abaorbs 

b. 

Intent  heat. 

2. 

When  latent  heat  is  added  or 

removed,  there  will  be  no 

c. 

change  of  state. 

3. 

The  thermometer  will  not 

d. 

change  of  temperature. 

measure 

e. 

super  heat. 

A. 

Super  heSw  is  a  form  of. 

f. 

conduction* 

Answers  to  Frame  8:       T    1.       T    2.       T    3.       T    4.       e  5. 

b    6.       e    7.       /   8.  9.       ^  10. 
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Frame  10 


SPECIFIC  HEAT  is  dtflnad  as  tha  amount  of  heat  (in  BTUs)  that 
Is  usftd  to  raise  one  pound  of  a  substance  one  degree  Fahrenheit. 

Water  is  used  as  the  standard  from  which  all  specific  heats 
are  ranked*    If  any  kind  of  solid,  liquid,  or  gaa  takes  more  or 
less  heat  than  water  to  raise  its  temperature  one  degree  Fahrenheit,  that 
percentage  or  ratio  is  known  as  its  specific  heat.    One  pound  of 
water  needs  the  use  of  1  BTU  (British  Thermal  Unit)  to  raise  its 
temperature  one  degree.    Carbon  dioxide,  for  example,  takes  the  use 
of  only  .6  BTUs  to  raise  its  temperature  one  degree,    Thii  means  that 
carbon  dioxide  soaks  up  heat  more  readily  than  water  b^^ause  it  needs 
less  than  one  BTU  to  raise  its  temperature  one  degree. 


Complete  the  statements  in  column  A  by 
column  B  in  the  space  provided. 


1. 
2. 

3. 


4. 


Column  A 

Specific  heat  of  a  substance  a. 

Water  is  the  standard  used  .  b^ 
when  figuring 

Sensible  heat  is  referred 

to  as  the  heat  which  c. 

Carbon  dioxide  boils  at 
v;;^09.3*F.   $j(  its  tempera-  d, 
tilte  were  Increased  to 
-87 'F,  the  teinperaturr  e. 
difference  would  be  a  tjrm 
of  sensible  heat  called  f. 


placing  the  letter  from 
*Culuam  B 

causes  a  change  of  state* 

is  the  amount  of  heat 
required  to  raise  the  sub- 
stance one  degree  Fahrenheit. 

catises  a  change  of 
temnerature* 

specific  heat  values* 

super  heat* 

sensible  heat  values. 


Answers  to  Frame  9:       b    1.       d    2*       b_3.       a  A* 
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BTU. 


A~B  to  heat  Ice  from  0*  to  32*  (Sensible  Heat)  16  BTU 

B-C  to  melt  Ice  32*  to  32*  (Latent  Heat)  144  BTU 

to  heat  water  from  32*  to  212*  (Sensible  Heat)  180  BTU 

D-E  to  change  water  to  steam  212*  to  212*^  (Latent  Heat)  970  BTU 

E-*F  to  heat  steam  to  desired  temperature  in  closed 
vessel  (Super  Heat) 

The  smount  of  BTUs  required  to  change  one  pound  of  0*F      1310  BTU 
ice  to  212*F  Steam 

Chart  1. 


ERIC 


3c78 

Frame  11 


All  matter  can  ba  fotmd  in  either  a  solid,  liquid,  or  gaseous 
state  and  most  can  be  changed  from  one  state  to  another.  While 
changing  from  one  state  to  another >  the  material  must  gain  or  lose 
heat. 

To  change  a  liquid  to  a  gas  (boiling) ,  the  liquid  m^t  take  in 
a  great  amount  of  heat  (BTUs)*    For  example,  to  change  one  pound  of 
212*P  water  to  212*F  steam  vill  take  970  BTUs  (see  chart  1) .  At 
atmospheric  pressure,  this  change  (liquid  to  gas)  needs  the  greatest 
smount  of  BTUs  to  cause  the  :;hange.    Ue  use  this  characteristic  In 
refrigeraClon  to  take  heat  frr.m  the  air.    Changing  a  gas  to  a  liquid 
(condensing)  is  an  equally  Important  cl^ange  of  state  used  In 
refrigeration.    JBy  removing  the  heat  taken  in  while  changing  the 
refrigerant  from  liquid  to  gas,  we  can  convert  the  gas  back  to  its 
liquid  state  and  start  the  cycle  again. 

Complete  the  statements  in  column  A  by  placing  the  letter  from 
colum  B  in  the  space  provided. 


Column  A 

^1.     To  cause  a  change  of  state, 
a  material  must 

1.      Changing  from  liquid  to  gas, 
a  material  must 

3.  Changing  from  gas  to  a 
liquid,  a  material  must 

4.  The  thermometer  will  not 
measure 

^5.     How  many  BTUs  are  required 
to  change  1  pound  of  32 ^F 
ice  to  32^F  water?  Use 
illustration  2A  in  HO-601. 


Column  B 

a  I'^se  set^slble^eat 

b.  gain  latent  heat. 

c.  gain  sensible  heat. 

d.  lose  latent  heat. 

e.  gain  or  lose  heat. 

f.  latent  heat. 

g.  180  BTUs. 

h.  144  BTUs. 
1.  16  BTUs. 


Answers  to  Frame  10: 


b  1. 


d  2. 


e  4. 
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Th«  boiling  point  of  wattr  at  sea  lavel  praasure  (14.7  psia)  is 
212*F*    Watar  can  ba  mada  to  boil  at  a  diffarant  taatparatura  by 
changing  tha  praaaure*    Saa  tha  following  chart.    A  dacraaaa  in 
preaaura  will  cauaa  tha  boiling  point  to  be  lowar  (for  axampla,  when 
tha  praaaura  ii^  raducad  to  7.5  paia*,  watar  will  boil  at  180*F,  vhere 
it  naada  laaa  haat  to  boil).    An  incraaaa  in  praaaura  will  cause  the 
boiling  point  to  raiaa.    If  tha  praaaura  is  raiaad  to  20.7  p8ia» 
watar  will  boil  at  "230*?  (whata  it  naads  much  laora  haat  to  boil) . 

Any  incraaaa  in  haat  whan  a  liquid  ia  boiling  will  only  cause 
tha  boiling  rata  to  incraaaa  (boil  faatar).    Thia  rule  ia  true  for 
all  liquida  and  ia  uaad  in  refrigeration  to  control  tha  boiling  and 
condanaation  pointa  of  tha  refrigerants. 


Temperature-Pressure  Relation  for  Boiling  Water* 

^paia  —  pounda  per  squre  inch  absolute* 

Place  a  checkmark  (A  in  front  of  the  correct  statement (s) 
below. 

 1.      Paising  the  pressure  on  a  liquid  will  require  less  heat 

for  the  liquid  to  boil. 

 2.      Lowering  the  presaura  on  a  liquid  will  require  more  heat 

for  the  liquid  to  boil. 

 3.      Lowering  the  preasure  on  a  liquid  will  cause  the  liquid 

to  boil  at  a  lower  temperature. 

 ^4.      Lowering  the  pressure  on  a  liquid  will  cause  the  liquid 

to  boll  at  a  higher  temperature. 

Answers  to  Frame  11:       e    1.       b    2.       d    3.       f    A.       h  5. 


180 
190 
200 
210 
212 
215 
220 
230 
240 
250 


7.51 
9.34 
11.53 
14.12 
14.70 
15.79 
17.19 
20.78 
24.97 
29.82 
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The  temperature  and  preaaure  that  will  cauae  a  gaa  to  change  to 
a  liquid  la  called  the  "londenalng  point.    The  condenalt^  point  c.n 
alao  be  made  to  take  plaue  at  a  dlffer^^nt  temperature  by  a  change  In 
preaaure. .  An  Increaae  5n  preaaure  Will  cauae  a  gaa  to  condenae  at  a 
htifrer  temperature.    A  u4creaae  In  preaaure  will  cauae  a  gaa  to 
condena*  at  a  lover  temperature.    When  a  gaa  doea  change  to  a  liquid, 
It  nuat  give  out  the  aam^  amount  of  heat  that  was  aoakcid  up  In  the 
change  to  a  gal.    The  rate  (apeed)  that  a  gas  will  t-im  to  a  liquid 
can  be  controlled  by  controlling  the  temperature  of  the  aubatance  used 
to  catry  the  heat  anay.    The  most  common  aubatances  used  to  remove 
heat,  to  condenae  a  gaa>  are  air  and  water. 

Complete  the  atatementa  In  column  A  by  placing  the  letter  from 
column  B  In  the  apace  provided. 


Soluam  A 


Column  B 


^1.     To  condenae  at  a  lowei 
temperature 


a.     vill  decrease  the 
condensing  rate. 


Increasing  the  tamparature 
of  the  aubatance  carrying 
away  the  heat 


the  material  most  give  up 
lef 8  heat  than  was 
absorbed  changing  to  a  gad< 


_3.      TO  cauae  condensation 

4.      Increaaing  the  pressure 
will  cause  a  substance  in 
its  gaaeous  state  to 


d. 


will  increase  the 
condensing  rate. 

the  pressure  must  be 
reduced • 


e.  the  substance  must  give 
up  the  same  amount  of 
heat  absorbed  while 
changing  to  a  gas. 

f .  condense  at  a  higher 
temperature. 

g.  condense  at  t  lower 
temperature. 


Answers  to  Frame  12: 


1- 


2. 


/  3. 


4. 
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Frame  14 


When  selecting  an  air  conditioning  unit,  the  heat  load  taust  be 
known.    The  ambient  (surrounding)  air  temperature,  the  amount  of  air 
to  be  cooled,  and  the  amount  of  moisture  in  the  air  (humidity)  are 
conditions  which  make  up  the  heat  load.    An  increase  in  any  of  the 
above  factors  puts  an  additional  load  on  the  unit,  and  reduces  its 
efficiency.    Heat  load  axid  unit  cooling  capacity  are  expressed  in 
BTUs  or  tons.    A  unit  rated  at  one  ten  means  that  it  has  the 
capability  of  removing  12,000  BTUs  per  hour.    (Refer  to  the  chart 
below.) 

BTU  per  hour   Tons 

24,000  2 
12,000  1 

9,000  3/4* 

6,000  '  1/2 

Complete  the  statements  in  column  A  by  placing  the  letter  from 
coluzm  B  in  the  space  provided.    Use  the  chart  as  necessary. 

Column  B 


a.  any  of  the  heat  load 
factors  is  reduced. 

b.  increases  the  heat  lo^d 

c.  decreases  the  heat  load 

d.  any  of  ^nr  heat  load 
factors  is  increased. 


e.    6  1/4  tons. 


f.      12  tons. 


g.  4  1/2  tons. 

h.  11  1/2  tons. 


e    3.        f  4. 


Column  A  >^ 

1.  Reducing  the  amoun^  of  air 
to  be  cooled  y' 

2.  Any  xxrMt  will  /^e  more 
efficient  if  / 

/ 

3.  A  unit  CMab^e  of  removing 
54,000  FTUs  is  equal  to 
(quantity) 


A  unit  papable  of  removing 
138,000f  BTUs  is  equal  to 
(quantity) 


Answers  to  Frame  13:        d    1»        a  2, 
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Frame  15 

* 

In  an  air  conditioning  unit»  tha  liquid  used  for  coding  is 
called  the  "refrigerant"*    A  refrigerant  ia  any  aubatance  which  ia 
\xBfd  for  the  purpoae  of  removing  and  tranaf erring  heat.  Materials 
with  lov  boiling  points  are  better  aulted  for  refrigeranta  than 
onea  with  high  boiling  polnta*    The  moat  coimnon  refrigerant  used  in 
Air  Force  air  conditioning  equipment  ia  Freon  12,  which  has  a  boiling 
point  of  -21*7*F  at  aea  level  pressure.    When  this  fact  ia  related  to 
water  (boiling  point  212'F  at  aea  level  pressure),  it  Is  plain  to  b9,e 
that  Freon  12  can  abaorb  heat  at  very  low  temperatures*    Freon  12 
(R-12)  Is  kept  in  the  liquid  state  af  normal  room  temperaturea  by 
storing  it  in  steel  cylinders  under  pressure. 

Select  the  true  statementa  by  placing  a  (7)  in  the  space 
provided. 

 1,     A  refrigerant  ia  any  material  used  to  abaorb  and  transfer 

heat. 

 2.      A  substance  with  a  high  boiling  point  is  well  suited  for 

air  conditioning. 

 3.      Tr>  prevent  R-12  from  hoillng  at  rom  temperature:  it  must 

be  kept  under  pressure. 

 ^4.      A  liquid  \ised  for  cooling  air  la  referred  to  as  a 

refrigerant. 


Answers  tc  Frame  c    1*   s  2.       g    3,       h  4. 
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Frame  16 

A  good  refrigerant  should  have  as  many  of  the  following  properti 
as  posaible: 

1.  Low  boiling  point* 

2,  Low  condensing  pressure  so  that  air-cooled  condensers  can 
be  used« 

1*  Non-toxic. 

4.  Non-flammable. 

5.  Will  not  >.^f.^ct  the  lubricating  oil, 

6 .  Non-corr  Jw.  . 

'^egardless  of  the  typ«  rufrigerint  laaed,  there  are  always  some 
precautions  which  should  be  observed.    When  working  with  R-12,  the 
operator  must  obser\e  the  following  precautions: 

1«     Always  insure  adequate  ventilation. 

2.  Always  wear  face  shields  or  goggles. 

3.  Store  cylinders  in  a  cool,  dry  area  away  from  flamnable 
materials. 

4.  Refrigerant  cylinders  should  be  chained  upright  in  storage 
and  have  protective  caps  over  the  valves. 

NO  RESPONSE  REQUIRED. 


Answt  rs  to  Frame  15;       T    1.   2.      JX  3. 
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Frame  17 

Complete  the  statements  below  by  circling  the  correct  response* 
1.      Refrigeration  or  air  conditioning  is  the  process  of 

a.  adding  heat. 

b.  circulating  humidity* 

c.  purifying  air. 

d.  removing  and  transferring  heat, 

2«     Which  of  the  folloving  cemperature  groups  has  the  most 
rapid  rate  of  heat  transfer? 

^.  52*F  and  62*F. 

b.  -32*F  and  +32*F. 

c.  800*F  and  850*F, 

d.  212^F  and  240*F. 

3.  When  a  solid  object  is  heatad  and  the  opposite  end  becomes 
warm,  the  transfer  of  heat  is  due  to 

a.  convection, 

b*  conduction. 

c.  radiation  and  convection* 

d.  conduction  and  radiation. 

4.  Warm  air  coming  from  a  furnace  V^aat  duct  is  referred  to 
as  heat  transfer  by 

a.  convection. 

b.  conduction* 

c.  radiation  and  convection. 

d.  radij^tijn  and  conduction, 

5.  Heat  felt  from  the  sun  is  referred  to  as  heat  transfer  by 

a.  convection* 

b.  radiation. 

c.  conduction. 

d.  thermal  rays. 

23 
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Praiua  17  (ContM) 

6.  Changing  th«  temperature  of  a  r  abatance  is  caused  by  adding 

a.  super  heat* 

b.  latent  heat. 

c.  specific  heat. 

d.  sensible  heat. 

7.  When  the  term  "degree^'  is  used,  it  indicates 

a.  heat  quantity. 

b.  hidAt  Intensity. 

c.  heat  amount. 

d.  heat  values. 

8.  Three  BTUe  will  raise  3  pounds  of  water 

a.  one  degree. 

b.  three  degrees. 

c.  six  degrees. 

d.  nine  degrees. 

9.  Heat  gained  cr  lost  by  a  substance  during  a  change  of  state 
is  referred  *o  as 

a.  super  heat. 

b.  sensible  heat. 

c.  latent  heat. 

d.  specific  heat. 

10.  The  percentage  of  any  substance  requiring  more  or  lass  heat 
than  water  to  raise  Its  temperature  one  degree  Fahrenheit 
la  called 

a.     specific  heat. 
b»     super  heat. 

c.  latent  heat* 

d.  sensible  heat.  4  7o 
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Frame  17  (Cont'd) 
11       Changing  from  a  liquid  to  gas »  a  material  must 

a.  gain  latent  heat. 

b.  gain  sensible  heat. 

c.  lose  latent  heat. 

d.  lose  sensible  heat. 

12.  An  Increase  in  pressure  will 

a.  require  less  heat  for  water  to  boll. 

b.  require  loore  heat  for  water  to  boil. 

c.  cause  the  boiling  point  to  be  lower. 

d.  none  of  the  above. 

13.  Which  of  the  following  statements  is  true? 

a.  Raising  the  pressure  on  a  liquid  will  require  less  heat 
for  the  liquid  to  boil. 

b.  Lowerliig  the  pressure  on  a  liquid  will  require  more 
heat  for  t^^  liquid  t€^  boil. 

c.  Lowering  the  pressure*  on  a  liquid  will  cause  the 
liquid  to  boil  at  a  lower  temperature.  ' 

d.  Lowering  the  pressxire  on  a  liquid  will  cause  the  liquid 
to  boil  at  a  higher  temperature. 

14.  To  cause  condensation, 

a.  the  pressure  must  be  reduced. 

b.  the  temperature  must  be  increased. 

c.  the  material  mi&t  give  up  less  heat  than  was  absorbed 
in  changing  to  a  gas. 

d.  the  Miibscance  must  give  up  the  same  amount  of  heat 
absorbed  in  changing  to  a  gas. 
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Fr«m«  17  (Cont'd)  i 

15.     The  heat  load  ia  datetnlned  by 

a.  aubiont  air  tempeniture. 

b.  amount  of  air  to  b^  cooled. 

c.  humidity. 

d.  all  of  the  above. 


Answers  to  Frame  17: 

If  you  answered  any  of  the  statements  incorrectly,  review  the 
following  frames. 


QUESTION  KEV^ 

.T3MBER                                               ANSWERS  FRAMES 

1  d  2 

2  b  3 

3  b  4 
A  a  5 

5  b  6 

6  d  7 

7  b  8 

8  a  8 

9  c  9 

10  a  10 

11  a               '  11 

12  b  12 
11  c  12 
U  d  13 
15  d  14 
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HIGH  MCSIUfll  LlOUlO 
QB5  HIGH  MCSIUlie  SUPCR- 

HCATCO  VAPOff 
CEED  HIGH  MCSSURC  SATwI. 

RATED  VAPCR 
COB  LOW  MCSSURC  LIQUfO 
EZa  LOW  MCS9UIIC  SATU. 
RATCD  VAPOR 
OIRCCTION  OP  RCFRIG. 
CRANT  PLOW 


43  nt4 


fc.  UqvldnMtmit. 

L  IUe«hr*i; 


Figure  1. 
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Frame  18 

The  refrigeration  eyetem  has  five  basic  coinponentp~receiver , 
expansion  valve,  evaporator t  coiopressor  and  condenser  (look  at 
figure  1).    As  the  refrigerant  flows  through  these  components,  it 
will  go  through  changes  in  its  pressure  and  state.    All  refrigeration 
and  air  conditioning  units  have  a  high  and  low  pressure  side,  each 
side  having  a  distinct  function.    The  cooling  of  ambient  air  takes 
place  in  the  low  pressure  side  (evaporator) ,  where  the  refrigerant 
changes  state  (low  pressure  liq  Id  to  a  low  pressure  gas) .  Tne 
refrigerant  boiling  at  a  low  temperature  under  low  pressure  absorbs 
heat  from  the  ambient  air. 

The  high  side  of  the  system  provides  che  conditions  to  condense 
and  store  the  liquid  refrigerant.    The  compressor  increases  the  pressure 
and  temperature  of  the  low  pressure  gas  to  a  point  at  which  it  can  be 
changed  to  a  liquid.    As  the  high  pressure  gas  flows  through  the  con- 
denser, the  heat  is  released  to  the  ambient  air.    As  heat  is  given  off 
by  the  high  pressure  gas,  it  will  return  to  its  liquid  state.  The 
five  basic  components  will  be  explained  in  detail  later. 

Complete  the  statements  below  by  filling  in  the  blanks  with  the 
correct  terms. 

1«      In  a  refrigeration  system,  the  components  where  the 
refrigerant  changes  state  are    ne   and  . 

2.  The  low  pressure  side  of  a  refrigeration  system  is  where 
the  takes  place  • 

3.  The  refrigerant  Is  liquified  and  stored  in   


4.      The  refrigerant  in  the  condenser  is  liquified  by 
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Frame  19 


Ahen  the  refrigeration  system  is  not  in  operation,  the  liquid 
refrigerant  is  stored  in  the  receiver .    (Look  at  figure  1,  item  1 
fot  the  location  of  the  receiver  in  the  system.)    The  receiver  is  a 
steel  tank  and  should  never  be  completely  filled  with  liquid. 
Eighty  (80)  percent  liquid  is  the.  general  nile  when  filling  the 
receiver. 

The  Temperature  Pressure  Chart  was  devised  from  this  general 
rule  (see  figure  2).    The  remaining  20Z  oi  the  tank  is  used  to  allov 
the  refrigerant  to  expand  and  contract  when  the  outside  temperature 
changes.    As  the  mabient  temperature  Increaaes,  pressure  in  the  tank 
also  increases.    An  ambient  temperature  of  90*F  will  result  in  a 
pressure  of  100  psig  In  the  tank  (look  at  figure  2) . 

If  the  outside  temperature  decreases,  some  of  the  gas  will 
condense  and  reduce  the  pressure.    An  80*F  ambient  temperature  will 
result  in  84  psig  in  the  receiver. 

Complete  the  statements  in  column  A  by  placing  the  letter  from 
column  B  in  the  space  provided.    Some  responses  may  be  used  more  than 
once . 


Column  A 


Column  B 


A. 


The  pressure  in  the  receiver  a. 
is  detexmlned  by  the 

b. 

A  rise  in  ambient  temperature 
will  cause  c. 


More  than  80Z  liquid  in  the 
receiver  will  cause 

Using  figure  2,  compute  the 
pressure  for  96*F  ambient 
temperature. 


d. 

e. 
f. 


size  of  tile  receiver. 

ambient  aiv  temperature. 

condensation  in  the 
receiver. 

the  pressure  to  increase 
in  the  receiver. 

normal  pressure.  \ 

106.5  psig. 

less  pressure  in  the 
receiver. 


h.      110  psig. 


Answers  to  Frame  18:    1.    evaporator,  condenser    2.  cooling 

3     the  high  side    A .    removing  heat 
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1 


PSIG 

A 

TEHP^  F 

FSIG 

TEMP  F 

0 

b4 

51 

108 

132.4 

* 

10  2 

56 

53.1 

110 

136.4 

4 

11  1 

XX  m  J 

58 

55.4 

112 

140.5 

w 

12  4 

60 

57.7 

114 

144.7 

ft 

Q 

lis 

X  J  »  J 

62 

60.1 

116 

150.0 

14  7 

64 

62.5 

118 

.53.2 

12 

IS  9 

66 

65.0 

120 

.57.7 

X  i  •  X 

6a 

67.6 

122 

162.1 

1ft  4 

XQ  •*! 

70 

70.1 

124 

166.7 

1ft 

19  7 

72 

72.9 

126 

171.4 

20 
*v 

21  1 

Ax  •  X 

74 

75.6 

128 

176.1 

22 
** 

22  ^ 

76 

r  O 

78.4 

130 

181.0 

94 

21  9 

7ft 

r  O 

81.2' 

132 

185.9 

2S  4 

ftO 
ov 

84.1 

134 

191.0 

2ft 

27  0 

S2 

87.1 

136 

.  196.1 

2ft  S 

ft4 
o*t 

90.2 

138 

201.3 

12 

10  1 

oo 

93.3 

140 

, 206.6 

14 

11  7 

ftft 
oo 

96.5 

142 

212.0 

36 

31.4 

90 

99.8 

144 

217.5 

38 

35.2 

92 

103.1 

146 

223.1 

40 

37.0 

94 

106.5 

148 

228.9 

42 

38.8 

96 

110.0 

uo 

234.0 

44 

«).7 

98 

113.5 

152 

240.5 

44 

42.7 

100 

117.1 

154 

246.5 

48 

44.7 

102 

120.9 

156 

252.6 

SO 

46.7 

104 

124.6 

158 

258.8 

52 

48.8 

106 

12.8.5 

160 

265.1 

PTMiiure  «n<i  T«aperAture  of  RefrlgeravtC  12. 
Figure  2. 
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Figure  3. 


31 


79 


3093 

Frame  20 

As  with  any  tank,  there  must  be  an  Inltt  and  outlet.    This  has 
b-en  provided  on  the  refrigerant  receiver.    Manual  valves  are  placed 
at  both  points •    An  inlet  valve  is  put  in  between  the  condenser  and 
the  receiver.    Generally  this  is  mounted  on  the  receivftr  itdTelf . 
This  valve  is  a  common  valve,  just  like  a  valve  used  with  water, 
but  may  have  a  back  seat  position  and  an  access  port  to  the  system^, 
(See  figure  3.)    The  back  aeat  position  (full  counterclockwise)  will 
close  the  access  port  so     at  gages  may  be  put  irx  to  check  the  pressures 
in  the  system. 

The  outlet  valve  €dways  has  the  back  seat  position  to  close  the 
access  port  (charging  port) .    This  port  is  used  for  charging  with  a 
liquid  (build  up  the  amount  of  liquid  refrigerant).    A  tube  (dip  tube) 
is  hooked  to  the  outlet  valve        extends  well  below  the  liquid  level 
of  the  receiver  (see  figure  1,  item  G) •    This  makes  sure  that  only 
liquid  refrigerant  gets  into  the  liquid  line.    Both  valves,  when 
closed,  will  isolate  the  receiver  from  the  remaindct  of  the  sys:em 
(see  figure  1,  items  G  and  H) . 

Fill  in  the  blanks  with  the  correct  terms. 

1.  Manual  valves  ara  used  to  the  receiver. 

2.  The  access  pbrt  on  the  receiver  outlet  valve  provides  ? 
place  to    the  system  with  liquid. 

3.  The  Back  seat  position  of  the  valve    the 

access  port. 

4.  The  tube  (dip  tube)  attached  to  the  receiver  outlet  valve 

Insures  .  enters  the 

liquid  line. 


Answers  to  Frame  19:       b    1.       d    2.       d    3.       h  4. 


32 


J 


Frame  21 

The  refrigeration  system  Is  under  constant  pressure  with  the  high 
^Ide  having  the  highest  pressure'.       protective  device  la  placed  In 
the  high  sldo  to  prevent  overpressurlzatl on  of  the  system.  The 
excessive  pressure  can  cause  leaks,  resulting  In  loss  of  the  refrigerant. 
One  of  the  most  common  protective  devices  ls7th<a  fusible  plug  (see 
figure  1)  >    This  Is  a  threaded  male  plug  thit  Is  plac«td  In  each  end 
of  the  receiver.    A  lead  alloy  substance,  placed  In  the  center  of  the 
plug,  will  melt  at  a  set ' temperature .    If  the  pressure  Increases, 
temperature  will  also  Increase.    When  the  melting  point  of  the  alloy, 
Is  reached,  the  pressure  that  Is  In  the  tank  will  bl^  out  the  softened 
lead,  relieving  all  pressure* 

Complete  the  stateme  ts  xn* column  A  by  placing  the  letter  from 
column  B  In  the  space  provided. 

Note:    Some  questions  may  require  more  than  one  response. 


Column  A 


Column  B 


_1.     The  fusible  plug  protects 

_2.      Excessive  system  pressure 
can  cause 

_3*     Leaks  will  result  In 

J«.     When  pressure  In  the 
system  Increases 


J 


a.  the  low  side  of  the 
system. 

b.  better  cooling. 

c.  the  high  side  of  the 
system. 

d.  leaks  at  the  soldered 
Joint. 

e.  Increased  efficiency. 

f.  loss  of  refrigerant. 

g.  temperature  decreases- 
b.      temperatiire  inclreases. 


Answers  to  Frame  20:  1. 


Isolate  2.  charge  3.  Isolates 
only  liquid  refrigerant 
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Frame  22 


While  the  refrigeration  system  is  in  operation,  the  high  pressure 
liquid  refrigerant  flows  through  the  liquid  line  on  its  v^y  to  the 
expansion  valve.    The  expansion  valve  is  most  Import  an  r-.to  efficient  . 
system  operation.    For  this  reason,  a  filtering  device  ia  placed  in 
the  liquid  line.    This  filtei^  is  referred  to  ^aiythe  "dehydrator" 
(see  figure  1,  item  I).'  It  takes  out  moisture  and  foreign  particles  ^ 
from  the  ref^rigerant.    Moisture  in  the  system  can  caxxSe  the  following: 
sludge  in  the  compressor,  freezing  at  tha  expansion  valve,  and 
4:orroslon  in  the  , system.    The ^driei;  part  of  the  filter  soaks  up  any 
moisture  that  may  have  been  left^n  the  system.    The  atrainer,  placed 
in  the  outlet  end  of  the  filter,  takes  out  any  foreign  particles  thi^t 
may  te  in  the  refrigerant. 

Complete  the  statements  in  column  A  by  placing  the  letter  from 
column  B  in  the  space  provided.  ^ 


1. 


2. 


3. 


'  4, 


Column  A 

If  moisture  enters  th^ 
system  i^^can  cause 

Foreign  particles^ are 
repioved  by  the 

Good  maintenance  practices 
can  prevent 

The  drier  absorbs 


a. 
b. 

c. 

a. 

e. 

f. 


Colimm 
strainer. 

efficient  operation. 

moisture^  from  entering 
the  sy stems 

sludge. 

drier. 

moisture. 


Answers  to  Frame  21:       c    1.      d&f  2.       i    3.       h  4 
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Frame  23 

The  refrigerant  will  pass  by  a  "sight  glass^'  after  leaving- the 
dehydrator.    The  sight  glass  Is  a  ^ort  placed  In  the  liquid  line, 
with  a  glass  Insert  that  will  1m  the  mechanic  visuaJ.ly  check  the 
condition <of .the  refrigerant.    Look  at  figure  1,  Iton  J>  to  find  the 
sight  glass.    A  normal  sl^t  glass  indication  Is.  a  completely  clear 
glass.    If  bubbles  are  seen,  It  c^m^an  a  shortage  of  refrigerant 
or  a  restriction  in  t!    liquid  line.    If  the  refrigerant  is  dis- 
colored, it  may  mean  that  oil  is  circulating. with  the  refrigerant. 
I^  discoloration  is  noted  but  disappears  after  a  few  minutes  of 
operation,  this  H^ould  be  considered  normal.    If  tha  discoloration 
continues,  a!^roblem  is  indicated  which  will  be  explained  in'  the 
troubleshooting  secdon^  ^  .  ^ 

Complete  the  statements  in  column  A  by  placing  the  letter  from 
coiunn'B  in  the  space  provided.  ,  '  '         i  ^ 


Column  A 
« 

^1.     The*  sight  glass  is  installed  a. 
in  the 


^2.,     A  clear  sight  glass  is  an 
4"   indication  of  ' 

*  . 

^3.     A  shortagQ  of  refrigerant 
will  be' indicated  by 

_^4.     Oil  circulating  with  the 
re^frlgerant  may  cause 


b. 


c. 


d. 


e. 


Column  B 

discoloration  of  the 
refrigerant. 

bubbles  in  the  sight 
glass. 

an  adequate  refrigerant 
supply. 

liquid  IJne. 

receiver. 


A 


/ 


Answers  l;o  Frame  22:       d    1.     .  a    2,       c    3,       f    4.  * 
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Frame  24 

'      After  It  goes  through  the  dight  glafes,  the  liquid  refrlffierant 
^gd^d  In  the  ezptnelon  val\u  (look  at  figure  1,  Iteo^M)  •    The  axpaimlon 
valve  J.8  a  metering  device  that  lets  the  liquid  refrigerant  g<  In  > 
the  cooling  coll  (evaporatlir)  In  the  amount  deeded  to  cool  thf  heat 
load.    The  liquid  refrigerant  goes  in  the.  expansion  valve  as  i  high 
pressure  liquid  and  floys  otft  as  low  pressure'  liquid.    This  Is  pos- 
sible because  the  outlet  and  the  connecting  tubing  are  larger  than 
the  Inlet  •    Look  at  figures  4  and  5^  on  the  preceding"  paf;e  • 

The  cut  in  pressure  will  cause  the  refrigerant  to  boll  at  a  low 
temperature  in  the  evaporator,  ^ot  example,  the  pressure  keeping  the 
refrlgerimt  as  a  liquid  at  96*F  must  be  at  99.8  pslg.    If,  after 
passing  through  the  expansion  va^ve,  the,  pressure  is  cut  down  to 
40  psig,  the  refrigerant  will  boll  at  a  lower  temperature  (44^F) • 
Look  at  'figure  2  on,  page  30. 

"Complete  the  statements  below  by  placing  the  missing  words  in 
the  blanks.      ^  •  .  j 

1,.     After  leaving  the  receiver,  the  liquid  refrigerant  enters 

the  ;  on  Its  way— to  the  


2.  ^  The  expansion  valve  Is  a      *  device. 

3.  An  increase  In  heat -load  will  cause  th^ expansion  valve 
to  allow  ^  ,   to  enter  the  evaporator. 

4.  The  refrigerant  enters  the  expansion  valve  as  a 

'  ^— ■  ^  • 

5.  With  the  pressure  reduced  fo  35.2  pflg,  the  boiling  point 

of  F-12'ls   "^F.    Refer  to  illustration  2  of  H0h601.  ' 

6^     The*  inlet ^to  the  eaqptoslon  valve  is   >  than 

the  ou't;4-etl 


V  • 


Answers  to  Frame  23:       d    1.       c    2.^     h    3.  .^^a  4. 
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Fraor  25  -  \  -  •  '  ^ 

'     After  it  leaves  the  expantion  valve,  ths  reirigerapt  goes  through 
't^e  evaporator.  Where  the  teal  cooling  .tak«n  place  (see  figure  1,  ,^ 
Item  A) .  I    .  ■ 

An  evaporator  ±e  a  device  (usually  finied  copper  tubing  when 
F-12  Is  used)  in  Which  the  refrigerant  is  evaporated  for  the  purpose 
of  taking,  heat  from  the  surrounding  air. 

" .    As  the  refrigerant  goes  in -the' evaporator ,  it  is  a  low  pressure 
liquid.    After  it  soaks  up  heat  from  the • surroundings  air  through,  the 
walls  of  the  evaporator,  .it  dianges  ftom  a  low  pressure  liquid  .^to  a 
low.  pressure  mi  »o.  ^^^^  evaporator,  there  is 

mostly  liquid.    As  the  refrigerant  goes  tkrough  the  evaporator  coils, 
more  and  more  of  the  liquid  is  -vaporized,  (boiled  off)  until  a|i  the 
outlet  end,  there. is  nothing  but  vap.r.    Look  at  figure  5  on  page 

Complete  the  statements  below  by  placlKg  the  corredt  terms  in 
the  space  provi4ed.     ^  '  .  ^ 

1.     The  refrigerant  changes,  from  a  _^ —  l — :  


36. 


to  a 


irl  the  evaporator.'  .  '     .  ^ 

^2.     The  refrigerant  boils  at  a  low  temperature  in  th*  evaporator 

>*ecau8e   i«  lowered.  .  i 

3.     Cooling  the  heat  load  actually  takes  place  in  the 


4.     The  refrigerant 'leaves  the  eVaporator  as 


Answers  to  Frame  .24:  '  1.    liquid  line,  expansion  line    2.  HiiliHa 

3.    ^Refrigerant    4.    hlffh  pressure  liquid 
'    5.  6.  ^smaller. 


38  ,  ^ 
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Frame  26 


Th3  refrigerant  leaves  the  evaporator  and  [goes  in  Vie  suption  line 
as  a  Itw  pressure  gas  (vapor).    The  suction  line.hoolcr^e  evaporator 
to  ^the  suction  serv.lce  val>e  on  t^ie  compressor.    The  suct/ion  service 
valve  pr6vldes  a  place  to  charge  the  refrigerant  supply  on  the  lov 
side  (gas) .    the  valve  has  the  same  positions  as  the  receiver  outlet 
yalve  (forward  and  back  seat  position),  see  ?igure  0,  page  31.  The 
refrigerant  now  goes  in  the  compressor  (figure  1,  item  E)  where  it  ^ 
is  set  up  for  the  condensing  process.    This  takes^ In  the  raising  of 
its  pressure  and  temperature^  Ambient  air  is  used  co  take  heat  from 

/the  refrigerant  so  the  compi^ssor  must  raise  the  temperature  of  the 
refrigerant  a^ove  ambient  temperature.  The-  refrigerant  temperature 
that  leaves  tjhe  compressor  will  be  approximately  30*F  above  ambient 

^^ytemperatuiTe.  J  If  for  example,^the  ambient  air  is  80*F,  the  temperature 
of  th*  re^tigerant  .gas  will  b#  raised  to  approximately  llO^F  when  it 
leaves  the  compressor.    As  the  ambient  air  iemperature  increases,  the 
temperaturS  aiid  pressure  ox  the  refrigeranx  that  leaves  the  compressor 
also  *increat|es.       '  *  . 


Complete  the  statements  In  colici: 
column  B  in  tl^e  spa^e  provided. 

Column  A 


_1.     Pressure  leaving  the  com- 
pressor is  determined  by 
the 

« 

_2.    '  Chang)Lng  the  iW  pressure 
gas  to  high  pressure  gas  / 
y    is  done  by  the 

_3.     The  refrigerant  leaving 
the  evaporator  must  be 

_4.     An  increase  in  ambient  ^ 
air  temperature  will* 
cause 

5.     Charging  with  gas  Ig  done 
at  the^ 


A  .by  placing  the.  letter  from 
Column  B 


a. 
b. 
c. 
d. 
e. 


size  of  the  receiver, 
receiver . 

Suction  service  valve. 


ambient  air  temperature, 
.compressor, 
f.      high  pressure  gas. 


compressor  dilfcharge 
pressure  to  remain 
constant 


compressor  disciiarge 
pressure  to  increase. 

low  pressure  gas . 


Answers  to  Frame  25:    1.    low  pressure 
^  2.    pressure  3. 

^  4.    low  pressure 


Hquld,  low  pressure  gas 
evaporator 
Mi.  . 


39 
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'  vol 

Fraae  27       "  ' 

• 

The  refrigerant  npw  lea^^€8  the'  cdmpressor  through  the  compressor 
discharge  valve-    Toe  valve  is  manual  type  and,  when  it  is  closed, 
it^solates  *tl|e  compressor  from  the  high  side.    The  high  pressure 
refrigerant  gA  then  goes  in  the  discharge  line  and  flows  into  the 
condenser,  Lee  figure  1,-  item  B-    The  condenser  is  a  coil  of  finned 
'  copper  tubing  similar  in  design  to^  car  radiator.    The  heat  picked 
up  by  tJhe  reffigarant  In  th5  evaporator,  and  the  heat  of  compression 
are  passed  or.^  to  the  air  in  th«  condenser.    When  the  heat  is  taken 
from  the  hot  iiigh  pressure  refrigerant  vapcr,  it  will  go  back  to  its 
liquid  state-    Gravity  now  returns  the  liquid  to  tfle  receiver  where 
it  is  stored  until  it  is  needed  by  the  expansion  valve-  .  This^liqul^d 
will  go.  in  tfie  receiver  through  the  receiver  inlet  valve,  look  at' 
figure^l,  item  H.         ,  ,  ^ 

[    Complete  the  statements  in  column^  K  by' placing  the^lqtter  f4¥)m 
column -B  in  the  space  provided.  ^  • 


Column  A 

The  function  of  the 
condenser  is  to 


a. 


4. 


The  refrigerant  entering  the 
condenser  is  a  ^      .  c. 

When  heat  is  removed  from  the 
hot  refrigerant  gas  d. 

When  the  exp^insion  valve  a. 
meters  refrigerant  into  the 
evaporator,  it  is  a  f* 


Column' & 

low  pressure  ga?i. 

it  remains  a  gas,^ 

change  high  pressure  gas 
to  a  high  pressure  liquid. 

high  pressure  gas. 

it  changesXto  liquid.. 

low  pressure  liquid. .  ^ 


Answers  to  Frame  26:       d    1.       e    2.       1    5.       h    4.  __C:1_5. 
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.  ^  '  Frame  28 

The  baarlc  systeta  operation  starts  with  the  high  ^assure  liquid 
refrigerant  In  the  receiver.    When  the  syst^  Is  started,  the  liquid 
refrigerant  f  J.ows^  to  the  expansion  valve  where  Its  pressure'  la  c^t  *_ 
down.    The  refrigerant  goes  In  the  evaporator  as  a  low  pressure  liquid 
wher^lt  bbils^  at  a  Ipw  temperature  and  soaks      heat,  from  th^ 
surrounding  air.    The  refrigerant  leaves  the  evaporator,  as  a  low  pres«* 
sure  gas  and  f^ws  to  the  compressor.    The  pompressor  gets,  the  refrigerant 
ready  for  th>- condensing  mode  by  raising  its  pressure  and  temperature.  ^ 
When  it  is  "compresse<l,  the  temperature' of  the  refrlgerarlt  will  be  '  ^ 
close  to  30^F  above  the  ambient  tli^lperature .  *  The  discharge  pressure 
can  be' found  with  ease  by  using  figure  1.    For, example,  70*  ambient 
temperature  plus  the  30*  from  compression  is  100*F.    Looking  at 
figure  2,  we^  find  a  pres*nre  of  117  P«i8  would  be  the  discharge  pres- 
sure.   To  complete  the  cycle,  the  gaseous  refrigerant  must  be  returned 
to  its  li4<tid  state>    This  is  accomplished  *by  the  condenser  .where  the 
.  hot* refrigerant  gas  gi^f a ^  its ^heat  to  the.  surrounding  ambient  air. 
The  refrigerant  returns  by  ^avlty  to  the  receiver,  whfere  it  is  stored 
until  needed  by  the  expansion  valve.,  ^  f       ^  ' 


ComplBCB  the  statements  in  column  A  by  placing  the  letter  from 
column  B  in  oie  space  provided. 


Part  I 


Column  A 


Column 


1. 


3. 


Xhe  Increase  in  refrlgeran^  a. 
pressure  is  done  by  the  ,^ 


In  the  evaporalfor,  the 
refrigerant  t^anges  from. 

-^en  the  ambient  tempera* 
t^ire  is  90*F,  and  the  unit 
operating,  the  discharge 
pressure  will  be 

;« 

The  refrigerant  absorbs 
heat  in  the 

4 

The  refrigerant  leaves  the 
condenser  as  a* 


4 


b. 

c, 

a. 
f. 


condv'^nser. 
expansi^on  valve, 
compressor.  ^ 
evaporator. 

liquid  to  gas. 

t 


s  to  liquids 

g.  ^  1$7.^  psig. 

h.  136.4  psig. 

1.  .  high  pressure  liquid. 
J •     low  pressure  liquid. 


Frame  28  (Cont'd)' 
f 


•  Match  ^he  component  in  column  A  to  its  fxmcfion  by  placing  the 
letter  (preceding  the  correct  function)  from  column  E  in  the  space 
provided.  ,  . 


_^1. 
2. 
3. 


Part  II 


Column  A 

Receiver  ^  » 

Receiver  charging  port 

Drler-Stralner 

Expansion  valve^ 

Evaporatoir 


Column  B 

a.  Permits  charging  on  the 
low  side. 

b.  Removes  m61st;ure'  and 
.  foreign  particles. 

c.  Met^  refrigerant  Into 
.   the  concenser.  ' 

d.  ^Meters  refrigerant  Inta 
•  the  evaporatoi>  »^ 

e.  Pexnlts  charging  on  the 
high  side. 


f.  Stores  refrigerant. 

g.  ^     Where  heat  Is  removed 

froin  the  air. 


h.     Where  heat  is  given  up  to 
.  the  air. 


Answers  to  Frame  27.: 


c    1.       d    2.       e  3. 


f  4. 


42 


VoH  . 


Diaphragm  and  switch  shovm  w^ien  the 
Air  Temperature  is  at  or  below  the 
thermostat  \setting. 


THERIiOtrAT 


HOT 
• — 


MOUND 


7- 


UNE  MITCN 


o 


Diaphragm  and  switch  shown  when  the 
Air  Tmprltature  is  above  the 
thermostat  setting. 


THERMOaTAT 


hctV 


UNE  SWITCH 


Figure  6. 
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Frame  29 

^Th€  temperature  control  unit  (thermostat)  works  like  the 
theraontet  used  in  the.liome.^  It  is  built  to  open  or  cldae  an  elec- 
trical circuit- in  lii>6  with  Changes  in  t*effiperature.    The  thermostats 
used  «e  referrer'  td  a^  ramota  bulb  thermostats.    The  remote  bulb 
is  placed' in  the  zone  where  control  of  the  temperature  is  nee^^ed. 
The  bulb  is  filled  with  refrigerant  and  is  hooked  to  a  pressure 
operated  switcn  by  means  of  a  capillary  tube.    When  the  teiaperarure 
of  the  air  cises  etove  the  thermostat  setting,  some  of  the  refrigerant 
will  boil  and  cau^e  a  pressure  rise  in  the  bulb  >tnd  capillary*  tube. 
The  pressure  rise  <411  close  the  electrical  switch  and  start  the 
system  operating*    (Look  at  figure  6,  view  2,  on  the  preceding  page.) 
The  8)^stem  will  continue  to  work  'jntil  the  air  temperature  drops  to 
the  thermostat  setting.    The  reduced  air  temperature  will  cause  some 
of  the  refrigerant  to  ::onden8e  In  t^e  bylb.^  ^lien  the  refrigerant 
in  the  bul'i.  coadendes,  pressure  will  be  reduced  and  the  switch  will 
open  (look  at  figure  6,  view  1)  and  stpp  system  operation. 
•  ^  ' 

Complete  the  statements  in  column  A  hj  placing  the  letter  from 
col  umn  B  in  the  space  pr-^vlded. 


Coltnm  A 

^1.      To  coingrol  the  conditioned 
sir  temperature' the  remote 
'       bulb  must  be  • 


'_2.      A  pressure  increase  in  the 
bulb  will 


3.     AiT  temperature  changes 


4r     The  refrigerant  in  the  bulb 
will  condense  if 


b. 


c. 


d. 


e. 


causes  pressure  to 
incraase  in  the  bulb. 

causes  pressure  to  ch^ge 
in  the  bulb. 

«tart  the  system 
operating. 

stop  the  system  operation, 
the  air  ^''^tmerature  drops. 


f. 
g- 


the  air 


ature  rises. 


placed  where  control  of 
the  air  temperature  is 
needed. 


Answers  to  Frame  28: 

Part  I    ~     c  1. 
\  Part  II  —  fll^. 


e  2. 
e  2. 


JL_3. 
b  3. 
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d  4. 
d  4. 


5. 


Frame  30 

Match  the  response  (component  to  function)  from  column  B  to  the 
statement  in  column  A  by  placing  the  letter  preceding  the  vesponse  in 
the  space  provided. 


\ 


_3. 
4. 


JL.5. 
6. 


8. 


_10. 
11. 


Column  A 

The  basic  refrigeration 
syste'ik  consists  of  the 

Cooling  of  the  heat  load 
takes  place  In  the 

The  receiver  Is  filled  with 

The  receiver  outlet  valve 
provides  a  place  to 

The  drler-8 trainer  removes 

The  sight  glass  Is  Installed 
In  the 


Colupn  B 

a.  suction  line. 

b.  evaporator. 

c.  the  low  pressure  cutout 
will  stop  the  compressor. 

d.  expansion  valve. 

e.  moisture  from  the  liquid 
refrigerant. 


f. 


Liquid  refrigerant  i    metered  h. 
Into  the  evaporator  by  the 
V  1. 
The  change  from  low  pressure 
liquid  to  low  pressure  gas  j. 
occurs  In  the 

-  ^  k. 

The  low  presaure  gas  enters 
the  compressor  through^the 


thermostat. 

/ 

liquid  line.         '  ^ 

80%  liquid  and  20%  gas. 

low  pressure  gas  to  high. 

high  side  of  the  system. 

receiver,  expansion  valve, 
evaporator,  compressox 
and  condenser. 


The  compressor  changes 

The  temperature  control  unit 
Is  referred  to  as  a 


1>-^  replenish  the  refrigerant 
dn  the  high  side. 

m.     high  pn  ssuCB  gas  to  high 
pressure  liquid. 


Answers  to  Frame  29: 


45 

193 


b    3.       e  4. 


3/67 

Answers  to  Frames  3^': 

Refer  to  the  frsxao  niiaber^  listed  In  the  right-hand  column  for 
addl Lionel  Information  on  Items  missed. 


'k  1. 

F-18 

.1  2-. 

F-18 

h  3. 

• 

F-19 

1  A. 
e  5. 

,,  8  6. 

F-20 

i 

F-22  ' 
F-23'  ♦ 

d    7.  , 
b'  8. 
a  9. 

F-2A 
F-25 
F-26 

1  10. 

F-2'^ 

f  11. 

F-29  ** 

When  you  have  completed  frame  30  and  revlev^d  the  Items  misled, 
report  to  your  Instructor.    You  are  now  reedy  to  take  the  test. 
When  successfully  coiiipleted»  the  Instructor  will  esslgn  your  next 
project.  ^ 
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Frame  31 

Because  of  the  tubing  and  connections  used  In  a  refrigeration 
system,  the  porslbllltles  of  a  leak  of  the  refrigerant  exists*  Either 
of  two  nethods  can  be  used  to  detect,  leaks. 

The  most  widely  used  leak  detector  for  refrigeration  systems  Is 
the  *'hallde  torch."    The  torch  consists  of  bottled  gas^^a  chimney 
chai^er  with  a  glow  plate,  and  a  sampling  tube.    To  use  the  torch  es 
a  leak  x-^etector,  move  the  aampllng  tube  slowly  around  the  outside  of 
any  gasketed  joint,  seal,  or  fitting.    At  the  same  time,  watch  the 
flame  for  the  sll^tei>t  change  In^  color.    The  color  of  the  flame 
changes  when  a  leak  Is  found.    A  very  faint  color  change  Indicates  a  ^ 
small  refrigerant  leak.    A  very  bright  and  vivid  <;olor  change  Indicates 
a  very  large  leak.    The  torch  must  be  used  In  a  well  ventilated  area. 
It  only  Indicates  th^t  the  leak  Is  In  the  general  area.  H|l  does  not 
pln-polnt  the  leak. 

The  safest  method  for  leak  detection  Is  the  use  of  a  soap  and 
water  soli^tlon'.    This  method  requires  t^at  you  use  a  thick,  almost 
pasty,  mixture  of  soap  and  water.    Th6  solution  Is  made  up  of  50% 
soap  and  50%  water.    To  make  sure  that  the  solution  bubbles  well, 
you  can  add  a  few  drops  of  glycerine.    Apply  the  mixture  to  the 
points  where  you  suspect  the  leak  to  be.    The  leak  will  cause  the 
solution  to  bubble  and  give  you  the  exact  location  of  the  hole. 

Place  a  checkmark  (/)#ln  front  of  the  corract  statement(s)  below. 

 ^1.     When  using  the  hallde  torch  a  very  bright  and  vivid  color 

chatige  In  the  flame  Indicates  a  very  large  leak. 

 2.     The  safest  method  for  leak  detection  Is  to  use  a  soap  and 

water  solution. 

 3.     When  using  a  soap  and  water  solution  to  detect  leaks  a 

very  faint  color  change  In  the  solution  Indicates  a  small 
leak.  ^ 

 ^4.     The  most  widely  used  refrigeration  leak  detector  Is  the 

halide  leak  detector. 

« 


Answers  to  Frame  31:   ^l-'         2.         \  3.       /  4. 


A7 


485 


3ABRA2331-WB-407 


Technical  Training 


Aircraft  Environmental  Systems  Mechanic 


LIQUID  REFRIGERANT  SYSTEM  MAINTENANCE 


8  December  1978- 


CHANl'i'E  TECHNICAL  TRAINING  CENTER  (ATC) 
3370  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


nFSTGNKD  FOf  ATr  mTTT^SE  USE 


DO  NOT  USE  ON  THE  JOB 


V0 


EnvironnentJil  Pneud|»iulica  Brdnch 
Chanute  AFB,  Illinois 


3ABR42331-WB-407 


IJiJUID  REFRIGEKANT  SYSTEM  MAIIJTENANCE 


/ 


OBJECTIVKS  • 

'         1,     Using  an  inspection  vorkcard»  maintenance  dat^  collection 
forms,  and  a  trainer,  inspect  a  liquid  refrigeration  system  recording 
a  minlaniin  of  two  disttepancles.    One  Instructor  assist,  per  form,  is 
piTmissible.  ♦       ,  n  ^ 

2>     Uting  a  trainer,  perform/an  operational  ^heck  of  a  liquid 
refrigerant  system  with  one  instructor  assist, 

3,  Using  a  trainer  and  schematic,  troubleshoot  a  liquid 
refrigerant  system  with  one  instructor  assist.  ^ 

4.  Using  a  trainer  and  the  necessary  c^quipment,  bench  check  and 
repair  system  components  with  ono  instructor  assist. 


EQUIPMENT 


Inspection  Workcard 
AFTO  Form  349 
Toolk^it 

Frson  cylinder  ^ 
Manifold  gage  assembly 
H-10  leak  detector 
Leak  Tec  soap  solution 
VacutOD  ptmip 

Trainer  4369,  liquid  refrig 


Easis  of  Issue 

1/student 

8/ student 

1/student 

1 /student 

1/student 

1/stydent 

1 /student 

1/student 

1/student 


This  workbook  deals  with  inspecting,  operating,  and  troul^ie- 
shootlng  the  refrigerant  system.    At  strategic  points  throughout  the 
procedures  you  will  b'e, required  to  have  the  instructor  check  your 
work  and  initial  tjie  workbook  ^en  the  work  is  satisfactory.    At  the 
end  of  each  section  you  will  be  required  to  have  the  instructor  sign 
the  completed  workbi>pk. 

INSPECTION  PROCEDURES 

Using  the  AFTO  Form  26  provided  by  your  Instructor  as  a  guide, 
Inspect  each  item  listed  thereon,  recording  a  minimum  of  two 
diocrepancies  on  the  AFTO  Form  349.    One  Instrvctor  assist  Is 
permissible  on  each  discrepancy. 


This  supersedes  3ABR42331-W|P409,  15  November  1977. 
OPRr  3370  TCHTG 

DISTRIBUTION:    X  ^  ^ 

ZflO  TCHTG/TTGU-P  -  400;  TTVSA  -  1 
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OPERATING  PBOCEDURES 


*   This  workbook  is  to  m  us«d  as  tha  sourca  for  procedures  to  operate 
the  elr  conditioner  trainer »    Durin|^^operationt  reae&Aber  to  observe  the 
gagas  and  indicators  so  you  can  determine  the  serviceability  of  the  unit« 
The  readings  observed  must  be  compared  vith  the  specifications  found  in 
table  I  to  determine  the  exact  status  of  the  unit.    Read  at  le4st  one 
(1)  step  ahead  throughout  this  workbooks    \  \ 

'■      >  •  ^  \  ^ 

Rafer  to  PT--409A  to  con^lete  the  follovinm  diagram.    This  Ih  a 
basic  refrigeration  system. 


I   I  I 


1  M  I  I  I  I 


3) 


5) 


3 


KCY 

HIGH  PRESSURE  LIQUID 
HIGH  PRESSURE  SUPER- 
HEATED VAPOR 
HIGH  PRESSURE  SATU- 

RATED  VAPOR 
LOW  PRESSURE  LIQUID 
LOW  PRESSURE  sAtU.' 

RATED  VAPOR 
DIRECTION  OF  REFRIG- 
ERANT FLOW 


*1  H04 


Color  the  system  according  to  the  key  at  the  right  of  the  diagram 
and  also  show  direction  flow* 


Figure  1, 


.  REFRIGERATI0T4  SYSTEM 

\'  Before  beginning  the  operational  check,  view  the  film  Principles 
f  Refrigeration.  .  ^ 

OPERATIONAL  CHECK '  '  i\ 

•Note:    Place  your  initials^n  the  space  provided  when  you  complete 
each  step  in'  the  workbook. 

 ^1.      Obtain  the  manifold  gage  assembly  and  toolkit  from  the 

trainer  cabiifkt.  .  ^ 

^     2.     Hang  the  iwnifold  gage  assembly, on  the  back  of  the  trainer. 

"   3.      Locate  the  "refrigeration  system  diagram"  on  the  trainer. 

 ^4.      Using  a  grease  pencil,  trace  on  the  diagram..to  show  how  the 

manifold  gage  lines  should  be  connected  uO  thd  system  c^hipo- 
nents  for  reading  systeftn  operating  pressures.    When  you  are 
complete,  have  your  instructor  check'' your  work. 

  INSTRUCTOR'S  INITIALS  . 

5«      Remove  the  two  large  caps  from  the  discharge^  and  suction  ^ 
.service  valves  on  the  compressor.    BACKSEAT  BOTH  VALVES  } 
\     SLOWLY  BY  TURNING  THE  STEMS  COUNTERCLOCKWISE  ALL  THE -WAY 
-  ^    BACK.  DO  NOT 'OVERTIGHTEN. 

 ^6.      Remove  the  two  sfiall  caps  from  the  discharge  and  suctigp  ' 

ports  on  the  con^ressor.  • 

 7.     Connedt  the  lines  to  the  system  components  as  you  have  drawn 

them  on  the  system  diagram/ the  low  side  on  the  manifold  gage 
to  :he  suct'ion  service  poryt  and  the  high  side  on  the  manifold 


ga'^e  to  the  discharge  oerVice  port. 


INSTRUCTOR'S  INITIALS 


8.  Check  the  LOW  and  HIGH  side  valves  on  the  manifold  gage- 
assembly  to  make  sure  they  are  in  the  closed  (clockwise) 
position.  ^ 

9.  Take  the  ratchet  wrench  f  ^m  the  toolkit  and  position  the 
suction  and  discharge  service  valves  on  the  compressor  to 
the  "GAGE"  position.    (3  turns'  in) 

INSTRUCTOR'S  .INITIALS 

Put  on  goggles  and  purge  the  HIGH  and  LOW  hoses  by  loosening 
the  connections  to  the  manifold  assembly.    When  the  hoses 
have  been  satisfactfcily  purged  (one  at  a  time)  tighten  the 
connection..    Place  fi  <rToth  around  the  connections  to  prevent 
Freon  from  spraying.  >  ,  ^ 

/  11,      Both  gages  (high  and  lo^)  on  the  manifoW  should  indicate 
/  the  same  amount  of  pressure.    NOTE:    This  is  due  to  the 

/  compressor  not  operating.    The  pressure  pushes  out  of  the    ^  ' 

/  receiver  and  through  the  system.    Read  the  pressure  by 

looking  at  the  black  scal6. 


INSTRUCTOR'S  INITIALS 


12.  IUeord\t)i«  ttmperature  of  the  evaporator  cqIIs  on  Table  1  / 
(apact  A) .  ' 

13.  Coonect  the  power  ^cord  to  110/115V  AC  wall  outlet.^  The  trainer 
power  light  should  come  "ON.**       .  ^ 

14.  Place  the  cbmpressor  switch  to  the  'W^  positfon  and  notice  the 
8i>:ht  glass.    The  freon  and  oil  will  rise  in  the  sight  glass 

as  they  circulate  through  the  system  due  to  the  compressor  \ 
operating.    Notice  in  the  center  of  the  sight  glass  there  is 
a  green  dot.    So  long  as  this  remains  green,  this  indicates  no 
moiswure  in  the  system.    If  the  grefin  turns  to  yellow,  this 
means  that  the  system  ha*8  excessive  moisture.    The  sight  glass 
should  be  clear  and  full  to  the  top.  .  ^' 

 INSTRUCTOR'S  IHITIALS  ^  .  ' 

Operate  the  unit  for  at  least  ten  (10)  minutes  before  recording 
afty  unit  readings  %    After  at  least  t^n  (10)  minutes  fill  in  the 
blankr  Iv^  table  1«    Take  your  readings  from  the  high  and  low 
gages  on  the  manifold  gage  aeaembly  (BLACK  SCALE) *    Compare  the 
readings  to  the  left  column* 


Normal 
Reading 

DISCHARGE  PRESSURE  GAGE    90-130  psi 
SUCTION  PRESSURE  GAGE       20-35  psi 
SIGHT  GLASS  clear 
TEMPERATURE  OP  EVAPORATOR  a.  


Unit 
Reading 


SAJ* 


UNSAT. 


b« 


c. 


Notes  the  reading  obtained  from  your  manifold  gage  assembly  will  , 
va^  in  psi  due  to  ambient  temperature  Wound  the  evaporator. 

16.     Record  the  temperature  of  the  evaporator  coils  on  table  1 

Cspace  "b")«    Ths  temperature  drop^will  be  placed  in' space  "c." 

* 

SHUTDOWN  PROCEDURES 

1>     ^lace  the  compressor  switch*  to  the  "OF^*'^  position. 
 Unplug  the  power  cord  from  the  wall  receptacle.  ^ 


TROUBLESHOOTING  PROCEDURES 

l\      If  an  •  wT^ATISFACTORY"  condition  was^noted,  record  la  the  space 
provided.  , 


a.  TROUBLE 


b.     Refer  to  table  2  and  record  the'probable  cause(s)  In 

9 

the  space  provld^.  ^  « 

^   m  ^ 


c.     Analyze  all  probable  causes  careT\^ly.    You  will  be 
able  to  eliminate  each  listed  cause  as  indicated  in  the  "REMEDY" 
column  as  you  go  through  this  workbook^^    Then  when  you  have  completed 
the  final  operational  check,  you  can  reverify  the  system's  condition 
to  see  if  you  eliminate^  the  problem. 

TRO'JBLE  ^       PROBABLE  CAUSE  ^'  REMF-DYi 


-bubbles  appear  in 

Shortage  of  freon  (system 

Compare  si^fistipn  pressure 

sight  glass 

pressure  will  also  b(  low) 

to  TP  chart.  Service 

system.  ^ 

Moisture 

Check  moisture  indicator 

,ln  sight  glass.  If 

yexxoWy  evacuace  une 

system.  , 

Clogged  drier  strainer 

 1  

R&B.  drier  strainer 

¥- 

Superheat  adjusted  too 

Adjust  expansion  valve 

high 

(ccw)  ^ 

Low  9uction 

Shortage  of  freon 

dervxcc  sysuciu 

pressure 

Dirty  air  filter  , 

Purge  and  evacuate 

■Si 

system 

Oil  clogged  evaporator 

Purge  and  evacuate 

system 

Low  load 

•R&R  drier  strainer 

High  discharge 

Air  in  the  s>dtem 

Evacuate  and  reservice 

♦ 

system 

Overcharge  of  freon 

Partially  drain  and 

reservice  ^ 

Receiver  inlet  valve 

Open  valve  fully 

not  fully  open 

High  suction  Oversized  expansion  valve        Replace  expansion  valve 

pressure  ^ 

Expansion  valve  seat  leak        Replace  ewansion  valve 


Low  superheat  adjustment  Adjust  expansion  valve 

(cw) 


DRAINING  SYSTEM  PRESSURE 


SAFETY:  Put  on^ggles  (located  in  trainer  cabinet)  for  steps 
one  through  five.  ,    '  ^ 


1.  Bockseat  the  cc^npressor/s  discharge  valve  by  backing  it -out. 
Leave  the  suction  valve  in  the  "GAGE"  position. 

CAUTION:    DO^  NOT  OVERTIGHTEN  THE  VALVE(S)  WHEN  YOU  ARE  FRONT 
SEATING  OR  BACK  SEATING  THEM,  '  > 

 -  I  —  ^ 

2.  Obtairf  the  drain  can  from  the  trainer  cabinet. 


3/     Connect  jone  end  of  the  line  to  the  manifold  gage  issembly 
service  port  (see  trainer  diagram).    Place  the  other ^tod 
of  the  hose  into  the  drain  can. 


4.  Open  the  high  valve  on  the  manifbld  assembly  to  bl^d  the 
pj^ssure  out  of  the  line  which  connects  to  the  comi)ressor 's 
^scharge  port.    Then  close  after  the  pressure  escapes 
completely.  ' 

5.  Crack  ofren  (counter-clockwise)  slowly  (little  by  little)^  the 

^    low  valve  on  the  manifold  g^ge  assembly  until  all  the  pressure 
has  escaped  and  the  low  pressure  Rage  reads  "0,."    NOTE:  THE 
REASON  TO  Dp  THIS  IS  THAT  THE  HIGH  SIDE  CONTAINS  THE  RECEIVER 
WHICH  HOLDS  THE  FREON,  AND  SOME,  IF  NOT. MOST,  OF  THE  OIL.  THE 
REST  OF  THE  OIL  IS ^EITHER  IN  THE  SYSTEM  LINES  OR  IN  THE  COM-  • 
PRESSOR.     SO  REMEMBEIt,  THE  SLOWER  THE  PRESSURE  CO^ffiS  OUT,  THE^ 
LESS  OR  N0^OIL  THAT  WILL  COME  OUT.  OF  THE  SYSTEM.    THEN  YOU  WILL 
NOT  HAVE  TO  SERVICE  THE  COMPRESSOR- pR  SYSTEM  WITH  OIL.  HAVE 
THE  INSTRUCTOR  C^LECKxTftlS  STEP  WHILE  YOU  DO  IT..  - 

INSTRUCTOR'S  INITIOS 


FVACUAT^  THE  SYSTEM  I 

Before  beginning  to  evacuate  the  system,  view  film  Evacuating  aii^ 
Servlc4.ng. 

VACUUM  TEST  PROCEDURES 

The  "vacuum  test  ylll  oe  performed  three  times.  ^ 

  Vacnum  Test  #1  (Do^step's  1,  2,  3,  4/5,  6,  ,6a,  7,  8,  9). 

  Vacuum  Test  #2  (Do  steps  4,  5,  6,  6^  7,  8,  9). 

  Vacuum  Test  #3  (Do  steps  4,  5.r  6,  6a,  7,  8,  9). 

1.      Obtain  the  vacuum  pump  location  from  the  lab  instructor. 


2.      Using  a  grease  pencil,  trace  on  the  diagram  to  show  how  tihe 
manifold  gage  lines  should  be  connected  to  the  system 
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cdmpdnents  Ct>r  reading  system \vacu;im' preaaure.  Wlien  comploto. 
have  the  Ub  instructor  check  >our  work, 

INSTRUCTOR'S  INITIALS  (TEST  #]) 


3.      Connect  the  manifold* assembly  using  the  lines  going  to  the 
system  components  as  you  have  sho^  them  oti  your  diagram. 

INSTRUCTOR'S  INITIALS  (TEST  #1)  , 

INSTRUCTOR'S  INITIAL^  (TEST  #2).    '  . 

^INSTRUCTOR'S  INITULi  (TfiST  #3) 


4^  "  Eniiur^  that  the  discharge  valve  is  back  seated  and  suction 
valve  Is  in  Xhm  GAGE"  position.     (3  turns  in) 


INSTRU^StOR'S  INITIALS 


5.  Plug  in  ttfis  vacuum  pum|<to.a  110/115V  AC  wall'  outlet.  -NGTE: 
VACUUM  PUMP  WILL"  OPERA  TE  AS  SOON  AS  THE  CORD  IS  CO^CTED  TO 
THE  WALL  OUTLET. 

6.  Ope^  the  low  valve  on  the  manifold  assembly.    NOTE;  REMEMBER 
.  TO  OPEN  IT  SLOWLY  SO  THAT  YOU  WILL  NOT  THROW  ANY  OIL  OUT  OF 

THE  SYSTEM.    THE  PRESSURE  IS  ESCAPING  AND  GOING  THROUGH  THE 

VACUUM  PUMP  AND  INTO  THE  >DRAIN  CAN. 

,       -         ^     *  N 
.  INSTRUCTOR'S  INITIALS    .  , 


6a.    When  you  have  obtained  *a  vacuum  of  28**  Hg,  crack  open  the  high 
valve  so.  thac  all  the  pressure^ can  escape  completely.  ThiB 
lets  the  pressure  out  of  the  manifold  gage^    (LOW  GAGE  GREEN 
SCAL^  Is  vacuum). 

:         f  ♦  .    '  »i 

14    Operfite  the  pump  five  minutes  more  after  obtaining  a  reading 
28"  llg^(vacUum-4^  the  low  gage  Green  Scale) .  ; 

INSTRUCTOR'S  INITIALS  * 


8.  -   Close  the  low  valve  on  the  manifold  "assembly  and  unplug  the 
vacuum  pump.    This  will  stop  the  air  from  entering* the 
system  \jhen  ^ou  disconnect  the  vacuum  line* 

^.     Disconnect  the  service  line  from  the  vacuum  pump.    Set  aside 
the  pump  on  a  bench  so  that  it  will  be  out  of  your  way. 

NOTE:    AFTER  THE  FIRST  VACUUM  TEST,  PERFORM  THE  PURGING  PROCEDURES, 
THEN  PERFORM  THE  SECOND  VACUUM  TEST  AND  PURGE  THE  SYSTEM  AGAIN. 
AFTER  TH&  SECOND  PURGE,  PERFORM  THE  THIRD  VACUUM  TEST  THEN 
CONTINUE  TO  THE  SERVICING  PROCEDURES. 
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SURGING  THE  SYSTEM  •/ 

'  *   .       •     .  -  r 

^  .Obtain  the  location  of  the  \Vl  refrigerant  from  tM  Instructor, 
2.  .  Place  the  refrigerant  (R-12)  container  on  .the  trainer^ 


note:    purging  IS  TO  REMOVE  ANY  CONTAMINANTS  THAT  MIGHT  BE  IN 
THE  SYSTEM  (SUCH  AS  MOISTURE,  DUST,  DIRT,  ETC),    EVEN  THOUGH 
THIS  IS  what'  THE  DRIER  ^STRAINER  IS  USED  FOR,  IT  CAN  SAVE  THE 
REMOVAL  ^  RPPIACEMENT  OF  THE  DRIER  AT  SUCH  AN  EARLY  TKJE/ 

3.     Using  a  grease  pencil,  trace  on  the  dlagraip^to  show  how 


the  manifold  assembly  lines  should  be  connected  to  the 
system  compon^nt^  for  purging. 


[Jr* 


  INSTRUCTOR'S  INITIALS 

 ^4.      Connect  the  lines  to  the  trainer  components  as  you  have  drawn 

them  on  the  diagram, 

  INSTRUCTOR'S  INITIALS  *  ^ 

SAFETY:    PUT  QN'GOGGLES  FOR  STEP  NOs  5  a^d  6. 

5-     Open  thp  refrigerant  service  valve  on  the  container. 
note:    "rtlS  ALLOWS  GASEOUS  R-12  REFRIGERANT  TO  YOUR 
MANIFOLD  ASSEMBLY.         .  ^ 

t 

6.  Pvrge  th<  service  hose  by  looseniqig  slightly  the  connection 
'  to  the  manifold  assembly.    This  will  allow  the  air  to  be 

pushed  out  and  the  freon  to  take  its  place.    Then  tighten 
the  connect ion^hen  you  have  'satisfactorily  purged  the  hose. 
If ^you  do  not  purge  the  hoses  correctly  tho  vacuum  aad 
purging  will  have  to  be  done  again.  / 

CAUTION:    FREON,  IS  COLD,  SO  PLACE  A  CLOTH  AROUND  THE  CONNECTION 
TO  PROTECT  YOURSELF.  -  ,  , 

7.  -    Plug  in  the  trainer  power  to  a  110/115V  AC  wail  outlet. 
Trainer  power  light  should  come<uU)N."  \ 

♦# 

8.  ^  Open  th«/high  valve  on  the  manifold  assemb"./*  Both 
gages  should  indicate  the  same  amount  of  |»ressure.  NOTE: 
IMMEDIATELY  DO  STEP  8  and  PAY  CLOSE  ATTENTION  TO  STEP  Nos 

9,  10,  and  11.  .  • 

J*  • 

9.  Place  the  coi^pressor  switch  to  the  '*0N^*  position.  ^ 


10 •     Op^lrate  the  system  for  thirty  seconds.    Then  Close  the 
high  valve  on  the  manifold  assembly. 

11.  Turn  the  compressor  switch  "OFF''  and  unplug  the  trainer. 

12.  Clpse  the  service  valve  on  the^freon  container. 

■    9  \  . 
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13.  '    Put  o|j  your  safety  goggles  and  crack^pen  the  line  at 

•  ^  connection  -to  the  f reon  container  and  let  the  pressure  escape 
slowly.    NOTE:    IF  THE  GAGES  ON  THE  MANIFOLD  ASSEMBLY  DECREASE 
IN  PRESSURE  ON  THE  BLACK  SCALE^  THIS  MEANS  THE  HIGH  AND  LOW 
VALVES  ARE  NOT  CLOSED  ALL  THE  WAY  ON  THE  MANIFOLD  ASSEKi^tY. 

CAUTION:    FREON  IS  COLD,  SO  ^LACE  A  CLOTR  AROUND  THE  CONNECTION 
TO  PROTECT  YOURSELF.  J 

14.  Slowly  disconnect  the  service  line  at  connection  to  the  freon 
container  the  rest  of  the  way,  making  sure  that  the  pressure 
has  escaped. 

15.  Cap  open  connection  ca  freon  container  and  set  it  aside. 

16.  PERFORM  VACUUM  TEST  AFTER  Tlffi  FIRST  AND /SECOND  PURGE.  AFTER 
THE  THIRD  VACUUM,  PERFORM  THE  SBRVICING  PROCEDURES^ 

,  SERVICING 

1.  Place  refrigerant  (R-12)  container  on  trainer. 

2.  Uiilng  a  grease  pencil,  trace  on  diagram  to  show  how  the 
manifold  gage  ^llftes  should  be  connected  to  the  system 
components  fot  servicing.  - 

INSTRUCTOR'S  INITIALS 


3.  Connect  the  lines  on  the  trainer  as  you  have  drawn  them  on 
the  diagram.^  '        J         ^  , 

INSTRUCTOR'S  INITIALS  . 

SaIeTY:    put  on  GOGGLES  FOR  STEP  4. 

i  .  ^ 

4.  Open  the  service  valve  on  the  freon  container.    Lea^e  the 
container  upright  so  that  yov  service  the  system  with  gas. 
^urge  the  service  hose.  ^  ^ 

5.  Plug  in  the  tjralner  to  a  110/115V  AC  wail  outlet. 


6.  Open  the  low  valve  on  the  n^anifold  gage  assembly.  Botn 
gages  should  Isidlcate*  pressure. 

7.  Place  the  trainer  switch  to  the  "C»^"  position  and  operate 
the  system  until  the  discharge  pressure  gage  indicates 
abou^lOO  pslg. 

8.  Now,  carefully  watch  sight  gli^s  on  trainer.    When  the  sight 
glass  is  HALF  (1/2)  FULL  OF  FREOJ  liquid,  notify  the  lab 
InstructoL    When  the  sight  glatp  is  3/4  full,  close  the 
service  vaive  on  the  freon  container  and  this  will  possibly 
allow  the  gas  or  liquid  freon  in  the  ^nes  to  top  off  the 
sight  glass  and  the  system. 


INSTRUCTOR'S  INITIALS 


J.O. 

I'i. 


-12. 
'IS. 


_14. 

.15. 
16. 


_17. 
_18. 

-19. 
20. 


21. 


Leave  the  system  connected  as  is  and  operate  for  ten  more 
minutes.    Then  take  the  following  readings:  « 


SIGHT  GLASS 


SUCTION  GAGE 


Now  compare  the  above  readings  with  table  1. 

.  I 

Is  the  ikxit  operating  correctly? 


DISCHARGE 
GAGE 


UNSAT. 


SAT. 


INSTRUCTOR'S  INITIALS 


Close  the  low  valve  on'^he  i^anlfold  as^^bly. 

BACKSEAT «the  suction  and  discharge  service  calves  on 
the  compressor.  NOTE:  REMSMBER?  DO  NOT  OVERTORQUE. 
NOTIFY  THE  INSTRUCTOR  TO  CHECK  THE  POSITION  OF  THE  ' 

Valves. 

instructor's  initials 

safety:  put  on  goggles  for  ;step  n06  .14  -  18. 

Disconneat  the  service  hose  from  the  freon  container, 
CAUTION:    USE  A  CLOTH  AROUND  THE  CONNECTION. 

Place  the  service  hose  in  the  drain  can.  ^ 

Open'  slowly  the  low  valve  on  thg^jmanif old  assembly  so  that 
all  the  pressure  jCan  escape.    IJOTE:"    LEAVE  THE  VALVE  OPEN 
DUE  TO  THE  LIQUID  FREON  THAT  WILL  BE  IN  THE  LINE. 

Repeat  step  16  foi^  the  high  side. 

Disconnect  the  high  and  low  side  hose^^  f romHtHe^'compressor . 
Cap  the  open  ports.    Torque  caps  to  90  inch  lbs. 

Connect  the  hoses  as  on  figure  2  and  close  the  high  and 
low  valves  on  the  manifold  assembly. 

^Isce  the  manifold  assembly  and  ^ain  can  in  the  trainer 
c^abinets  properly. 

Txirxk  the  suction  and  discharge  service  valves  a  HALF  (1/2) 
HRN  IN.     (TO  THE  ''GAGE*'  POSITION) 


NOTfi;  THIS  WILL  KEEP  THE  SERVICE  VALVES  FROM  FREEZING  IN  THE 
BACKSEATED-POSITION. 

_        INSTRUCTOR'S  INITIALS 
Cap  the  service  valves. 


22. 


23.      Turfts^ff  the  compressor  switch. 
NOTE:    NO^YOU  ARE  READY  TO  PERFORM  THE  LEAK  TEST. 


3fao 


Figure  2«  ^ 
^  LEAK  TEST 

Before  beginnin/the  Isak  test,  view  film  Thermostatic  Expansion  Valve- 
USINC  A  IE  SQAT  SOLUTION 

 ^1.     Obtain  the  location  cf  the  "Leak  Tec"  solution  from  the 

instructor. 

 ^2.     Shake  the  Vottle  until  you  have  enough  bubbles  to  apply  to 

"  tubing  connection  which  might  have  a  possible  leak. 

Apply  the  solution  and  look  for  leaks.  Remove  the  Leak  Tec 
solution  (using  a  cloth)  from  the  area  in  wliich  you  applied 
it  after  verifying  that  there  are  no  leaks. 

3«     Xroubleshot  and  found  the  following  leaks: 
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JL4.     liave  the  instructor  check  your  work.    DO  NOT  TIGHTEN  THE 
LEAKING  CONNECTIONS  AT  THIS  TIME,  because  you  will  verify 
the  syston  using  the  H-10  leak  detector. 

  INSTRUCTOR'S  INITIALS 


 ^5.      Place  the  "Leak  Tec"  solution  back  where  you  found  it./ 

 ^6,      Now  perform  alao^er  leak  test  psing  the  H-10  leak  detector. 

LEAK  TEST  USI^JG  JBE  H-10  LEAK  DETECTOR 

 1.      Obtain  the  leak  detector  from  your  lab  instructor. 

 2.      Plug  in  the  power  cord  of  the  leak  detector  into  the  trainer 

outlet  which  is  located  next  to  the  temperature  control  box. 

i 

 3.      The  leak  detector  will  start  to  warm  up  immediately  after 

the  power  cord  is  plugged  Into  a  110/115V  AC  outlet. 

4.      Check  for  sufficient  airflow  by  pointing  the  probe  tip  toward 
the  floor  and  observing  the  airflow  ball  (in  the  probe).  The 
height  the  ball  rises  is  not  important  as  long  as  it  rises. 
If  the  airflow  ball  DOES  NOT  RISE,  tap  the  probe  J-ightly  to 
"  make  sure  the  ball  isn't  sticking.    If  the  ball  does  not  rise 

at  all,  inform  your  instructor.         •  r 

 ^5.      Place  the  "Sensitivity"  switch  in  either  the  HIGH  or  LOW 

positions. 

NOTE:    THE  ^LOW"  RANGE  POSITION  iS  USED  TO  DETECT  LARGE  LEAKS 
AND  IS  USED  WREN  THE  SENSING  ELEMENTS  OF  THE  TESTER  ARE  NEW. 
THE  "HIGH"  RANGE  POSITWN  IS  USED  TO  DETECT  SMALL  LEAKb. 

CAUTION:     IN  A  HIGHLY  CONTAMINATED  AREA,  THE  FLASH  RATE  WILL 
NOT  BE  STABLE  AND  IT  WILL  Bi:  ALMOST  IMPOSSIBLE  TO  "BALANCE" 
THE  DETECTOR.    UNDER  THESE  CONDITIONS,  LEAK  CHECKING  WOULD 
NOT  BE  POSSIBLE. 

 ^6.      Adjust  the  flash  rate  of  the  neon  lamp  in  the  probe  by 

rotatln^:  (clockwlse-or-counterclockwise)  the  "balance" 
control  so  that  the  neon  lamp  Just  ceases  to  flash.  If 
adjusted  properly,  the  light  WILL  FLASH  and  continue  to 
flash  when  the  probe  is  held  at  the  "Reference  Leak." 
When  the  probe  is  removed  from  the  "Reference  Leak," 
the  flashing  rate  will  slow  down  and  STOP. 

  INSTRUCTOR'S  INITIALS 

 7.      The  "Reference  Leak"  may  be  used  as  often  as  necessary  to 

assure  proper  operation  of  the  leak  detector,  or  as  a 
comparing  mean^i  to  assist  you  in  fletermi.iing  the  size  of 
the  leak.     (R-11  is  used  in  the  H-10  detector  for  adjusting 
the  reference  leak  by  settiiig  th3  flash  rat^  of  the  probe.) 
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6.      Hold  the  probe  as  closely  as  possible  to  ttv^  ar^^  being 
tested  and  move  the  tip  at  ONE  INCH  PER  SECOND' (cr  less) 
along  the  seams  or  joints  suspected  of  leaking.    When  the 
probe  encounters  a  leak,  the  flashing  rate  of  the  neon  lamp 
will  Increase  and  will  continue  to  flash  at  the  faster  rate 
^    as  long  as  the  probe  Is  held  at  the  leak. 


9.      Troubleshot  and  found  the  following  leaks: 


10*     Have  Instructor  check  your  work.    If  there  are  any  leaks,  the 
Instructor  will  advise  you  what  to  do. 


INSTRUCTOR'S  INITIALS 


^11.     Unplug  the  trainer  , and  the  tester.    Place  the  tester  back 
where  you  found  If 


\ 


_12.      Notify  the  Instructor  of  your  completion. 


ERIC 
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